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PREFACE 

The te&chlng strategies and mathematics materials suggested In this 
teacher's manual and the accompanying mathematics books for children are 
part of i-he Southwest Educational Development Laboratory's Mathematics/ ^ 
Science Program. 

Users of these adapted materials have the opportunity to revise and 
Improve them In the light of experience and evaluation of results of their 
effectiveness In the classroom. This Interaction of program designers and 
writers with teachers and pupils Is consistent with the process of educa- 
tional development — the continuous Improvement of materials and techniques. 

As these, materials are pilot tested, the teachers', experiences with them 

have almost Instant Impact on their continuing revision and Improvement. 

Designed to compensate for pupils' past failures to understand mathe- 
matical concepts, the Southwest Educational Development Laboratory's Mathe- 
mat I cs/ Science Education fj^ogram takes Into account the social and cultural 

..IIP-' 

background and cognitive skills a student brings to the learning situation. 

This book. Mathematics, Book L, Includes adaptations of the mathematics 
program commonly experienced In the fourth year of school. It Is one of four 
books, K, L, M, and N, for this level. The adaptations are designed to meet 
the particular needs of those children who have accumulated dtscourageitients 
In learning mathematics. With this In mind, the reading level required of 
the pupils has oeen reduced. More Importantly, meanhngful mathematical 
experiences are presented In ways which give the pu^ll many opportunities 
for success. 



As In any sound educational program, the role of the teacher Is critical 
A teachar's Interest and enthusiasm are contagious to studen^s, but Interest 
and enthusiasm are dependent upon the teacher's assessment of his own com- 
petence. This guide Is designed to assist the teacher In directing class- 
room activity and In ("eveloplng an understanding and appreciation of the 
mathematical concepts and skills to be taught. 

The following premises guided the team of teachers and mathematicians 
who adapted and wrote these materials: 

Unnecessary use of vocabulary which has no meaning for 
children can be avoided. 

Teaching mathematics requires patience, purposeful 

planning, and opportunity for learning. 

Mathematical experiences can be adapted to children 

rather than adapting children to mathematical experiences. 
The Laboratory's Mathematics Program has been expanded to Include 
Science. Long range plans Include adapting science materials to meet the 
needs of pupils who have failed to respond to traditional materials and 
teaching approaches. 

( 

Edwin Hfndsman 
Executive Director 
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UNIT 4 
Properties 

OBJECTIVES : 

I. To study mathemal ical sentences that use several number 

operations. » 
2... To develop skill In solving story problems. 

3. To develop the concept^ of operation. 

4. To Introduce the meaning of a property of an opc'-atlon. 

5. To discover some properties the basic operations have. 

a. Addition and multiplication have the cpmmutatlve 

— property.' - - ■■- - 

b. Addition and multiplication have the associative 
property. 

c. Multiplication Is distributive over addition. 

d. Zero and one have special properties under add I- 
• ' tlon and multiplication. 

BACKGROUND INFORMATION FOR TEACHERS : 

The purpose of this unit Is- to help the pupils better understand 
what Is meant by an -operation on numbers. The pupils have been adding 
subtracting, multiplying, and dividing numbers for some time. These 
processes are called operations . Now we look at the general meaning 
of an operation on numbers so that we can discover some "properties" 
of an operation. 

A property of an operation Is a special characteristic that the 
operation has. A procJerty of Iron is Its hardness and a property of 



birds Is^thelr ability to fly. We study the propertle^of the opera- 



tions so/ that we can base all the techniques of the operattS»«^ 
their properties. 

The operations that pupils first use are called binary opera- 
tions. For example, addition Is a binary operation because It assigns 
to each pair of whole numbers something — In fhCs case, one whole num- 
ber ► Addition Is an operation that 

assigns to the pair 3 and 5 the whole number 8, 
assigns to the pair 7 and 2 the whole number 9, 

and so on; for every pair of whole numbers, addition assigns one whole 

number. 

We can write this In many ways. For example: 
(3,5) — ^8 
(7,2)-- ^9 

Or we can think of the addition operation as a machine Into which we 
•put a pa I r of -numbers and out of which comes one number, the sum. 



V 



■I" 



1 

8 



Of course, the usual way to write the fact that addition assigns to the 
pair (3,5) the number 8 Is as follows: 
3 + 5 = 8 
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Later the pupils will use operations on a single iiumber. An 
example of such an operation Is the squaring operation, which assigns 
to each single whole number Its square. Squaring assigns to the num- 
ber 3 the number 9; squaring assigns to the number 5 the numbor 25; 
and so on. For example: 

5—^25 

When we use the word "operation", we will mean binary .operation. 

We try to help a pupil understand that there are many kinds of 
operations other than the four they have already studied. By making 
up new operations, the pupils begin to see that some operations have 
certain properties and that^thers do not have these same properties. 

For example, they find that addition and multiplication are com- 
mutative operations .but that subtraction and division are not. 

Commutative property . An operatl.on 1s commutative If It assigns 
the same number to the pair a» b_ as It assigns to the pair b., a. In 
our work here, a_ and b_ are any whole numbers. For example, 

2+3=3+2 and 5 + I - 1 + 5. 

Similarly, for any two whole numbers. Also, 

2x4 = 4x2 and_ 3x7 = 7x3. 

Similarly, for any two whole numbers. Thus, addition and multiplica- 
tion are commutative for whole numbers because a + b - b + a and 
a X b = b X a are true sentences for any whole number £ and any whole 
number b. 



But some sentences of the following kind are not truet 
6*3«3*6 9-2 = 2- 9 

8*2 = 2*8 7-4 = 4- 7 

This means that subtraction and division do not have the commutative 

property. 

Another property of an operation that the pupils study Is the 
.associative property. They discover that addition and multiplication 
are associative operations but that subtrdtetlon and division are not. 

Associative property . All binary operations assign something (In 
our case, numbers) to pairs of numbers. When three numbers are to be 
added, we first must add two of them and then add their sum and the 
third number. This can be done In two ways. For example: 

(3y5)/ 3.(5.7) 
C8,?Lt»15 (3,12)^:^15 



That i^: 



r 



(3 + 5) + 7 - 8 +.7 and 3 + (5 + 7) = 3 + 12 



In both addition a/rtd ^uH4lp I Ication, the- pupils see that the re- 
sult Is the same no matter\iQw^ the three npf^ibers are grouped when the 
operation is applied. Thus, we-see-^at addition and multiplication 
are associative because 

(a+b)+c = a + (b+:c) and (axb)xc=ax(bxc) 
for any whole number a, any whole number b, and any whole number c. 



I 



GRADE 4 

The following revised order of units is recommenciad . More time 
spent on the early units will help children develop a sound f ounda- ' 
tlon; thus less teaching time will be required for later units. 



UNIT TITLE BOOK 

1 Sets and Numbers K 

2 Operations on Sets and Numbers K 
2i Introduction to Mult I pi Icatlon K 

3 Multiplication and Division of Whole 
Numbers ^ 

4 Properties ^ 

t 

9 Techniques of Multtpl Icatlon and 

• Division / ^ 

5 Geometry 

^ I 

6 Fractions 

7 Techniques of Addjtlon and Subtraction 

of Whole Numbers c—-—^ C L 

. 

12 Techniques of Multiplication and 

Division II ^ 

10 Operations on Fractions M 

8 Measurement ^ 

14 Techniques of Multiplication and 

Division III ^ 

1 1 Geometry II ^ 

13 integers N 



TABLE OF CONTEIJJSr 
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UNIT 5: 


Geometry t 
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UNIT 6: 


Fractions 


Page 


UNIT 7: 


Techniques of Addition' and 
Subtraction of Whole Numbers 


Page 



Buy subtraction and division are not associative operations. These 

sen^ences are not true: 

(8 - 4) - 2 = 8 - « - 2); (8 ^ 4) i 2 = 8 M4 : 2); 

(12 - 6) - 2 = 12 (6 - 2); (12 v 6) v 2 = 12 : (6 i 2) 

Zero and one . In Unit 3 the pupils found that certain numbers have 
special properties when used in addition or multiplication. We call these 
properties: 

Addition property of 0 . For any whole number a, the sentence 
0 + a = a Is true. (For example, 0+7 =7; 0+81 =81.) 
Multiplication property of 1 . For any whole number a, the 
sentence I x a = a Is true. (For example, 1x6=6; I x 37 ^ 
37.) 

These properties of 0 and I are used over and over again In the develop- 
ment of arithmetic. 

Distributive property . The children wil I discover a property 
that connects the two basic operations, addition and multiplication. 
It U called a distributive property . They find that multiplication is 
distrl u tive over addition, but that addition is not distributive over 
mu.ltlpl I call on. 

When a rectangular array Is separated into two rectangular arrays, 
the operations of multiplication and addition are suggested. 



A A 



A 6 6 A 



A A A A 



A A A A 




u 



6 A A 6 
A <i A ^ 



3x (2+4) = (3x2) * (3''4) 
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In the same way, the pupils find that both of the following sen- 
tences are true- 

4 X (I + 6) = (4 X I) + (4 X 6) 

3 X (5 + 2) =^ (3 X 5) + (3 X 2) 
That Is, ffiul tip I ylng the sum of two numbers by a number gives the same 
result as multiplying the first addend by that number and then the sec- 
ond sddend by that number and then find Inn +he sum of these products. 
We say: 

Multiplication is distributive over addition usin^^ 
whole numbers because 

a X (b + c) = (a X b) + (a X c) 
is a true sentence for any whole number a, any whole 
number b and any whole number c. 
But when the pupils try to distribute addition over multiplica- 
tion, they find that these sentences are not true: 

3 + (5 X 2) - (3 + 5) X (3 + 2) 

4 + (2 X 3) = (4 + 2) X (4 + 3) 

Thus, addition Is not distributive over multiplication. 

In all the arithmetic and Inter mathcmutlcs thut the pupils will 
study, the property that multlpl Icutlon Is distributive over addition 
will bo colled simply the distributive property . It is the most power- 
ful and useful property available to the pupil In all he discovers about 
the techniques of arithmetic* 

The pupils should begin to understand what these properties are 
and how they can be used, but not much emphasis need be placed on the 
names of the properties. The words "commutative", "associative" and 



"distributive" should be mentioned, but the pupils should not be drilled 
on the words. Jhe emphasis should be on the understanding of meanings 
of the properties rather than on the names. 

In this unit there are two minor Ideas that are Important: 

1. The pupils need to learn the use of symbols for grouping. 
For example, the parentheses In the sentence 

3 X (4 + 2) = n 
tell us that the numerals Inside the parentheses name one 

number. Then 

3 X (4 + 2) means 3x6. 
As another example, 

(3 X 4) + 2 means 12 + 2. 

2. The children must understand that when the same letter occurs 
several times In a sentence, that letter refers to the same 
number each time It occurs In the sentence. For, example the 
sentence n + (2 + n) =6 becomes the fa Ise sentence 

3 + (2 + 3) = 6 
If we learn that n Is a numeral for 3. 
If n = 2, then the sentence n + (2 + n) = 6 becomes 
2 + (2 + 2) = 6 (a true sentence). 
The emphasis In this unit Is on Understanding the meaning of these 
properties and not on the names of the properties. In the activities,, 
strange operations will be used to extend the pupils' understanding of 
the properties discussed. 
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TOPIC \r MATHEMATICAL SENITPNng.q 
OBJECTIVES ; 

1. To study mathematical sentences that use several number 
operations. 

2. To develop skill in solving story, problems, ^ 
VOCABULARY ; none 

SYMBOLS ; < , > 

MATERIALS ; at least 30 counters for each child; pupil pages I - 13 

Activity I ; (Oral) Regrouping sets and renaming numbers 
Object ivei 

Children can write mathematical sentences for different 
arrangements of counters. 
Materials ; 20 counters per child 
Teaching Procedure : 

Note: The use of counters and arrays to establish mathematical 
ideas is Important. It may be necessary to use counters for several 
days or at Intervals throughout the unit. 

Let each pupil place a set of exactly 17 counters on his desk. 
Ask the pupils to arrange some of fheir counters in a rectangular 
array and to place the remaining counters in a group beside It. On 
the board, draw a picture of one possible arrangement for the pupils 
to see. 

• • • • • 

• • • • • • • 

• • • • • 
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Ask the pupils vhat product Is shown by the dots In the rectangu- ; 
lar array. They muit say, (3 x 5). Ask, "How many are left ovar?" (2) 
Help the pupils nake a mathematical sentence tiiat describes the arrange- 
ment of the dots on the board. Write the mathematical sentence below 
the drawing on the board: 



17 = (3 X 5) / + 2 

Ask tbe pupils to think- of .other ways, of arranging the same, number . 

of counters, putting some of the counters In a rectangular array. Let 
each pupil make a mathematical sentence to describe his arrangement and 
write the. sentence In his book. -Let the pupils work In pairs and check 
each other's work. If they have difficulty, draw pictures on the 
board of other possible arrangements of the 17 counters. Ask the pupils 
In turn to write a mathematical sentence bvslow each of the arrangements. 

^ ) » 17 



5 w4k3 



• • • • 



• • • 

• • • 



or 17 " 



5 + (4 X 3 ) 



2. 



• • • • 

• • • • 

• • • • 

• • 0 • 



• 



( 



or 17 « C 



.) + 
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3. 



A. 



• • • 

• • • 

• • • 



• • • • 

• • • • 



(3x3) + (2x4) 

or 17 - (3x3) + (2x4 ) 
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(-.2_x_2.) + (3x2) + c3_x_2_) + 1 = 17 

or 17 = ( 2x 2) + (3 x2 ) + ( 3x2 ) + 1 
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Note: Make sure that the pupils use the parentheses corre<"tly to show 
which operations are performed first. For example, the arrangement 

• • • • 

• • • • • • 

• • • • • • 

• • • • 

Is properly described by the sentence: 

(4 X 4) + (2 X 2) + I = 21, 
but the arrangement is not described by the sentence 

4x4+2x2+1=21. 
The latter, sentence does not tell which operations are done first, and 
a pupil might think It means 

4 X (4 + 2) X (2 + I) = 21, 



21 




which Is a false sentence. 

Let" each pupil get 3 more counters so they each have 20. Let 
them arrange their 20 counters In different rectangular arr^ys-^ 
they did with the '7 counters. Ask, "Can all of the counters be ^ut 
in a rectangular array? Can some of the counters be put In an array, 
with some left over?" Let the pupils arrange the counters In many 
ways and write a mathematical sentence for each arrangement. Some 
of the sentences they may write are these: 

10 X 2 = 20 , or 2 X 10 = '20 ' 

20 = 5 X 4 or 4 X 5 = 20 

r 

(4 X '4) + 4 = 20 or 20 = 4 + (4 X 4) 

20 = (5 X 2) + (2 X 5) or (2 x 5) + (5 x 2) = 20 

(3 X 5) + 5 = 20 or 20 = 5 + (5 X 3) 

20 = (,4 X 2) + 2 + (4 X .2) + 2 or 2 + (2 X 4) + 2 + (4 x 2) = 20 
(6 X 3) + 2 = 20 or 2 + (3 x 6) = 20 

20 = (9 X 2) + 2 or 2 + (9 X 2) = 20 

Encourage each pupil to show at least three different arrangements 

and write the mathematical sentence for eacj 

A' low the pupils to choose any nuffioer of counters, for example, 

one pupil may choose 36. Let him arralnge his 36 counters In arrays In 

different ways and write sentences such as these: 

r 

= 36 or (6 x 2) + (6 X 2) + (6 X 2) = 36 or 36 = (3 x 6) + (C. x 5) 
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Activity 2 : Solving Mathematical Sentences 
Objectives ; 

1. Children can solve a m.-»thematlca I sentence using counters 
when needed. 

2. Given an Incomplete sentence containing parentheses and Involving 
one operation, children can choose a symbol ( < , > , or -) 

that makes the sentence true. 
Materials ; 36 counters or flannel board and 36 figures for flannel 

board, 56 c0unters per pupil (If necessary) 
Teaching Procedure ; . - 

On pupil page I, the pupils work with sentences In which there 
are several operations. Use some or all of the seven examples sug- 
gested below to help the pupils before they begin work In their books. 
Write each example on the board as It Is used. 

Examp I e I ; Ask the pupils to find the number that makes this 
sentence true: 

(6 X 3) + n = 20 
18 + n = 20 

n Is . 

Let the pupils use counters, or figures on a flannel board to help 
them solve the problem. They begin with 20 counters. Since 6 x 3 Is 
18, they know that 18 counters plus n counters must be 2Q counters. 
That Is, they must add 2 to 18 to get 20. Therefore, n Is 2. 
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Example 2 ; Ask, "What number makes this sentence true?" 
15 = (b >!C b) + 6 

^ bis . 

The pupils must know that b Is the same number each, time It Is In 
the sentence. 

Let the pupils talk about the sentence. They might say, "We have 
15 counters. We should arrange^e counters Into two groups. One 
group contain^ 6 countersC We must arrange the other group Into an 
array with b rows and b melnbers In each row," as below: 

• • • 

•• • • < ""^ 




Write 3 X 3 under the first array. Therefore, b Is 3. ' 

Or they might say, "The sentence tel Is us that we must add (b x b) 
to 6 to get 15. Th^t means that b x b Is 9, b x b Is 3 x 3 and b Is 
3." 

They should decide that If b Is 3, then the sentence 
15 = (b X b) + 6 becomes 15 = (3 x 3) + 6, 
which Is a true sentence. Thus, the number that makes this sentence true 

Is 3. . 

Example 3 ; Ask the pupils to find the number that makes this 

sentence true: 

(n + 5) + n = 21 

n Is . 

In this sentence. Both n's are the same number. 
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Pupils might say, "We have 21 counter^ to begin with* We arrange 
them Into three groups to represent each addend ♦ Two addends are the 
same number n. Therefore^, two groups must have the same number of mem- 
bers." Pupils might. arrange counters as below: 

•#•• •••• 

CO ^ 6060 •••• 

Let' the pupils guess what niynbef* n Is and try It. A pupil might 
think and ^y, "If n Is 5 then 

(n + 5) + n = 21 becomes (5 + 5) + 5 - 21, 
which Is not true because '(5 + 5) + 5 = 15. n Iti not 5." Another 
pup Ik- might then try a greater number, 9. He may say, "If n Is 9, then 

(n + 5) + n = 21 becomes (9 + 5) + 0 21, 

e 

which Is not true because (9 + 5) + 9 Is 23. n Is not 9." 

Another pupil might try a number less than. 9. He may say, "If 
n Is 8, then 

(n + 5) + n - 21 becomei. <a + 5) + 8 ==• 2 1 , 
which is true, n is 0." 

In this wciy, the children find that a number, n, which makes that 
sontenco true, is H. ^' 
(n + 5) + n - 21 . ^ 

n is 8. 



Examp I es 4 - 7 ; Write the followinq examples on the board 
and let pupils in tuf-n^ji^ve the sentences: 

28 - (k X k) + 3 • ' (d + 7) + d ^ 17 

k Is 5 ♦ d is 5 . 

(6 X h) + (3 X h) = 36. 13 + (n x 5) - 18 

h is 4 . n Is 1 . 
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Let the pupils talk about ways of solving sentences. Encourage 
the use of counters If pupils have trouble solving the problem verbally. 

Ask the pupils to turn to page I and find the numbers thut make 
each sentence true. Under each sentence let them draw dots in arrays 
to show what they did to find the answer. ^n,^ 

For example,' the first exercise will look like this-: 
(3 X 2) + a = 8 
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(Let the pupils use the figure at the top of page I ns an example.) 
"Give the pupils help in using parentheses. Ask them to tell which 
of the symbols .< or > <^ = makes the following sentence true: 

(3 X 2) X 2 3 X (2 X 2) 

In this sentence the symbol = makes a true sentence 
because (3x2)x2=6x2=l2 
and 3 X (2 X 2) = 3 X 4 = 12. 
Write this sentence on the board and ask the pupils to make it 

true: 

4 + (5 X 3) (3 X 4) + & 

The pupils fJnd the number named on the left and the number named on 
the right. They choose a symbol (< or > or =) that makes a true sen- 
tence. In this example, they choose the symbol > because 
4 + (5 X 3) Is 19, 
and (3 X 4) + 6 is 18. 
and 19 > 18, which is true. 

16 
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Let the pupils turn to page 2 and write a symbol fn each blank space 
to make the sentences true. Ask the pupils to work all the examples 
on the left, then all the examples on the right, then to choose and 
write the symbol of comparison. 



Pupl I pages 3, 4 



.. Activity 3 ; MdJng and jnuj.t [p I y 1 ng 

Objective ; 

Children can write the simplest numeral for a numeral con- 
^ talnlng parentheses and the signs for different operations. 

Teaching Procedure ; 

In this activity the pupils will use addition and multiplication 
?n the same exercise. They will use parentheses to group several hyroiara 
together to represent one number. 

Write on the board these two numerals: 

(3 + 5) X 4 3 + (5 X 4) 

Ask the pupils to read eachi (The first is read "The number 3+5 times 
4"; the second Is read "3 plus the number 5 times 4".) Ask wliat numbe^r 
Is named ^by the first numeral. (8 x 4, or 32) Say, "32 Is- the simplest 
name for (3 + 5) x 4." '"What number is named by the second numeral?" 
(3 + 20, or 23) Say, "23 is the simplest name for 3 +.(5 x 4)." 

This reviews the meaning of the parentheses as signs of grouping. 
Remind the pupils that these two numerals written on the board have the 
same symbols in them, but the numerals are not grouped the same way. 
Help the pupils understand the importance of the grouping. 



i 



Let the class turn to paye 3, and write a simpler name for each 
numeral. This will give the pupils practice In using the grouping 
signs (parentheses). Page 4 Is a supplementary page. 



Pup 1 1 page 5 



Activity 4 ; Mathematical Sentences 
Objective ; 

Given an incomplete sentence containing parentheses and involving 
different operations, children can choose a symbol (<, > , or 
t =) that makes the sentence true. , 

Teaching Procedure ; 

Write on the board; 4 x (5 + 2) (4 x 5) + 2. Point out that 

the line shows that a symbol is missing in the sentence. Ask, "What 
symbol can you write to make the sentence true?" Guide the children 
to decide that the missing symbol is > because 

4 X (5 + 2) = 4 X 7 and (4 x 5) + 2 = 20 + 2 
= 28 ' = 22 

and 28 > 22 

Emphasize the importance of first finding the numbers shown in the paren- 
theses. Get a child to complete the sentence. 

4 X (5 + 2) (4 X 5) + 2 

Write another sentence such as; 

8 + (14 i 2) (14 i 2) X 8 

Guide the children to see that^ the missing symbol is < because: 

8 +>.U4 V 2) = 8 t,7 and (14 i 2) x 8 = 7 x 8 

' r 

= 15 56 
and 15 < 56 
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pet a child to complete the sentence: 

8 + (14 : (14 * 2) X 8 

Use other sentences to help the children understand that the numeral 
Inside the parentheses Is a name for one number • Emphasize again the 
Importance of first finding the number shown Inside the parentheses 
and then doing the other operations. 

Ask the children to complete the sentences on pupil page 5 making 
the sentences true by writing the missing symbols. 

It may be well to suggest that the pupils work the examples on 
the left first, then those on the right, then choose which symbol 
makes the sentence true. 



Activity 3 : Solvimj problems Pupil pages 6-10 

Objective : 

Given a story problem involvinn several different operations, 
children can write a number sentence for the problem, can 
find the number th^jt mukes the r»entence true, and can answer 
the quesiion asked by the problem, 

loach inq lYocedure : 

Note: In 1h. if> mijlhom<'il icii prcqran* Wmro is a definite plan for 

teaching the solvinq of word problems. II hai* the following steps for 

pup lis to fol low : 

1, Know what the problem is about and the question asked In the 
problem, 

2, Write a mathematical sentenl:D''"^tnr the problem, with a letter 
^ representing the missing number. 
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3. "Find a number that makes the ma"* .lemat 1 ca ! sentence true. 

4. Use the number to answer the question In the problem. 
Follow this plan as you help the pupils solve word problems. It 

Is the plan that is used in all levels of mathematics in solving prob- 
I ems . 

The purpose of this activity is to help the pupils learn to solve 

problems stated in words. The problems use several different operations. 

Before the pupils begin the exercises, help thom solve some sample prob- 
lems. Tell this problem to the pupils and let them talk about it: 

Problem I ; Ronald collected stamps. Four girls in his class each 
gave him 6 stamps. Seven boys In his class each gave him 3 stamps. 
The teacher gave him 4 stamps. How many stamps did Ronald colled? 

Let the pupils talk about the problem. Get them to say what 
question It asks. Write the question on the board. As they talk about 
the problem they may say Ronald got stamps from 4 girls (4x6), from 
7 boys (7 X 3) and from the teacher (4). They may suggest drawing a 
picture 1 i ke this: 



□ I I n n n I'l 

□ 1.7' 11 ."] n I I 



[-1 .-i f I 

1 1 n ri 

n n n □ □ 

n n n ri ' 



□ □ r.i ri n d t.i 



n ri "I i"i n 



n n n 
n 1.1 n 



Guide the pupils to then make the mathematical sentence: 



(4 X 6) + (7 X 3) + 4 = s 
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Let them talk about what each part (4x6; 7x3; 4; and s) of the 
mathematical sentence means. Get them to rename the numbers in the 
mathematical sentence and say 
s Is 49. 

Ronald collected 49 stamps. 
Let the pupils talk about how they answered the question In 
Problem-1. . (We khSW the p rob I em a hd the q uesf I oh ' 1 1 as ked ; we w ro t e 
a mathematical sentence; we found a number to make the mathematical 
sentence true; and we answered the question asked In the problem.) 

Go on In a similar way with Problem 2. The work that you and 1he 
pupils may write on the board Is given. 

Problem 2 ; One morning a storekeeper had many eggs In his basket 
for sale. Five men each bought 8 of the eggs. Four women each bought 
7 of the eggs. That night the storekeeper looked In his basket. He 
saw 12 eggs left. How many eggs were In his basket In the morning? 
How many eggs were In the basket In the morning? 
(5 X 8) + (4 X 7) + 12 = e 
e Is 80. 

There were 80 eggs In the basket. 
Let the pupils open their books to pages 6-10. There are ten 
word problems on these pages. Each problem has questions to be answered. 
Let the pupils tell what numbers to write In the blank spaces to make 
the sentences true. Let them write the fol lowing for each of the exer- 
cises: the mathematical sentence; a statement telling what the 
missing number In the mathemailcal sentence is; and an answer to the 



question asked In the problem. This Is the way their page may look: 
I. 3 X 6 « e 2. (3 X 6) + 7 = a 3. s « (5 x 10) - 8 
e Is 18. a Is 25. s Is 42. 

Mary has 18 eggs. Now Mary has 25 eggs. John has 42 oranges 



4. b = (7 X 5) - 8 
b Is 27. 

There are 27 birds left. 
6. (4 X 8) + (2 X 5) = n 
n Is 42. 

They caught 42 fish. 
8. (7 X 4) + (4 X 2) = u 
u is 36. 

The animals have 36 legs. 
10. 9 = (24 - 6) * 2 
g Is 9. 

Each boy has 9 fish. 



• left. 

-5. (4 X 3) + (2 X 4) = n 
n Is 20. 

There are 20 sides. 
7. e = (5 X 7) -i^ (3 X 3) 
e Is 44. 

There are 44 small squares. 
9. (24 * 4) - 2 = s 
s Is 4. 

John has 4 marbles left. 



Pupl 1 pages 11-13 



Activity 6 ; Story problems 
Ob ject I ve ; 

Given a story problem involving several different operations, 
children can write a number sentence for the problem, can 
find the number that makes the sentence true, and can answer 
the question asked by the problem. 
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Materials ; one piece of paper for each child 
Teaching Procedure ; 

Before doing the exercises on pupil pages II - I3« give a few prob- 
lems as examples and discuss ways to solve them. 

Example I ; Ken bought 2 bags of oranges. Each bag contained 6 
oranges. He shared these oranges equally among 4 boys. How many oranges 
did each boy get? 

Ask,. "What question does the problem ask?" (How many oranges did 
each. boy get?) , - 

Guide the children to write a mathematical sentence 'or the problem 
by helping them: decide how many oranges Ken bought (Two bags of 6 oranges 
are shown as (2 x 6)); think about what Ken did with oranges (shared them 
^•qual ly among 4 boys); and ciiscuss the problem and Its mathematical sen- 
tence until a sentence Is written. 

(2 X 6) ; 4 = b • 
Let the pupils find what number b_ makes the sentence true. (Since 
(2x6) : 4 = 3, b. Is 3.) Ask, "What Is the answer to the question In 
problem?" (Each boy gets 3 oranges.) 

Example 2 ; Nina's family Invited Amy's family and Herman's family 
for a birthday party. There were 22 people In all. If 10 people were 
members of Nina's family and 8 were members of Amy's family, how many 
were members of Herman's family? 

Ask the children what question the problem asks. They can let s_ be the 
number of people In Herman's family. Guide the pupils to write the mathe- 
matical sentence by helping them decide that at the party there were 
(10 + 8 + s) people In all. Let someone write the sentence: 
(10 + 8) + s = 22 

35 



Ask, "What Is (10 + 8)? (18) What number s. makes the sentence true? 
(4) "What Is the answer to the question In the problem?" (There wore 
4 people from ^Herman's family at the party.) 

Let the pupils open their books to pupil pages'! I - 43 and answer 
the questions about the story problems. Get the pupils to write the 
following on another worksheet for each exercise: the mathematical 
sentencV>^the missing number, and the answer to the question asked In 
the problenu\ This Is the way their paper may look for pupil pages 
11-13: 

I. (7 X 4) - 6 = n **2. (n + 7) i 13 = 2 

n Is 22 n Is 19 

22 animals were put back There were 19 peaches on the 

on the shelf. ground at first. 

3. (32 4) + V = 15 4. (n X 8) - 14 = 42 or 

n X 8 = 14 + 42 

V Is 7 ' n Is 7 

Each friend had 7 marbles There were 7 boys. 

at first. 

5, (r * 2) - 2 = 8 *6. (n x 4) + (n x 3) = 56 

r Is 20 n Is 8 

The boys have 20 beans The teacher drew 8 squares 

together. and 8 triangles. 
^Starred problems are challenge problems. 
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OBJECTIVES : 

l» To devetop the concept of operation* 

2* To make new operations by use of an operation machine* 
VOCABULARY : operation machine, rt umber pairs, operation 
SYMBOLS : x, : 

MATERIALS ; cardboard operation machine; thirtyseven 3" by 3" numeral 
cards (from 0 to 36); four 3" by 3" symbol cards C+, x, :); 
pupi i pages 14-17 

Activity I : Recognizing operations and making new operations (oral) 
Objectives : 

1. Given a pair of whole numbers and the corresponding answer, 
chlldron can Identify the operation (addition or subtraction) 
the machine Is performing, 

2. Given a pair of whole numbers and the operation (addition or 
subtrijct Ion), children can find the answer for the operation 
machine. 

Mate r I a I s : ctirdbourd oporullon machine If desired; thlrty-sevon 
3" by numeral cards from 0-36; four 3" by 3" symbol cardis 



(+, X, :) 



Teaching Procedure : 



On the board draw a box like this: 




Say, "Pretend that this is a machine, it is an operation machine . See 
the handle. We put ^ two numbers into the top of the machine." Write 
the numerals (8, 2) above the machine. (See the drawing below.) 
"When we turn the handle, the machine does something to the numbers, 
and one number pops out of the bottom." Pretend you are turning the 
handle and write 10 below the box. , (See drawing below.) "What 
did the machine do to our pair of numbers to get the number 10?" 
If no one says "add", or even if they do, erase the numerals. Then 
write (4, 3) above the box. Say, "When we turn the hafrd^e the machine 
takes the numbers 4 and 3 and out pops the number 7." Wrije "7" at 
the bottom. "What did the machine po\jo .our pair of numbers, to get 
the number .7?" Continue putting pairs of numbers at the top and their 

sum at the bottom. 

Let the class think about and discuss these questions until they 
decide that the machine adds the pairs of numbers. Say, "Yes, this is 
an addition machine ." Write a plus sign on the middle of the machine. 
Now the board looks like this for the first example: 




Erase the numerals and write the pair (6, 3) above the machine. Pretend 
you are again turning the handle. Ask, "What number will pop out of the 



addition machine?" "9" Continue this with other number pairs. Each 
f\m, ask what number will come out of the addition machine. Let the 
pupils In turn write the numerals for number pairs they want to put 
Into the machine and for the number that pops out. 

If the teacher desires to have an operation machine, directions 
for making one are as follows: 

To4»ake an operation mach^lne for -the- pitp^li^ a 10" by 18" piece 
of cardboard. Mark these points along the 18" sides: 3", I", 4", I", " 
6", I", 2", as shown at the left below. Then fold as shown at the right. 



3" 
1" 

4" 
1" 

6" 

1" 
2" 




Draw a picture of an operctlon machine on the folded cardboard and cut 
off the regions that are shaded in the figure below: 



r— 


8" 










— — 


























k-3"-4 



as 
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Make 3" by 3" numeral (from 0 to 36) and symbol (+, x, :) cards 
to be used with the machine. The cards fit Into the folds of the 
mach I ne . 

Fasten the cardboard operation machine to the wall. Place the 
card marked "x" in the fold for the operation symbol and say, "This is 
a multiplication machine." Put two numeral cards, for example, 3 and 6, 
In the top fold and say, "If we put the pair (3, 6) into the multipli- 
cation machine and turn the handle, what number comes out?" When the 
pupils say "18", put a numeral card for 18 in the bottom fold. 

Continue this type o* activity with the multiplication machine. 
Let a pupil put a pair of numeral cards at the top of the machine and 
ask another pupil to pretend he Is turning the handle. Let still 
another pupil tell what number pops out and place the numeral card at 
the bottom. 

After the pupils have used the multiplication machine for a while, 
remov^^the "x" card and replace it with the "-" card. Say, "Now we have 
a subtraction machine. We will put these two numbers into the subtrac- 

'l 

tion machine. Put the numeral cards (7, 2) at the ftop of the machine. 
(If you use any other pair of numbers, make sure that the first is qrea+^r. 
than or equal to the second.) Ask someone to come up and pretend to turn 
the handle of the machine^ bet a pupil tell what number pops out and 
let him come up and put the numeral for the number at the bottom of the 
machine. No matter what numeral he puts at the bottom, let tho rest of 
the class decide whether he chose the correct card. Get pupils to tell 
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why the result Is correct or Incorrect (5 pops out because 7 minus 2 
equals 5, or 5 must be added to 2 to get 7) When a pup 1 1 puts a 
number pair like (2, 7) Into the machine, the pupils should say, "No 
number pops out."^ You say, "Our subtraction machine Is a whole number 
machine and, therefore., will not work for this pair of numbers." 

Continue this activity until the class has some experience in using 
the subtraction machine. 



Activity 2 : Finding the operation | Pupil pages 14 - 17 

Objectives ; 

1. Given a pair of whole numbers and the corresponding answer, 
children can Identify the operation (addition, subtraction, 
multiplication, or division) the machine Is performing. 

2. Given a pair of whole numbers and the operation (addition, 
subtraction, multiplication, or division), children can find 
the answer for the operation machine. 

3. Given the operation (addition, subtraction, multlpl legation, 
or division) and the answer, children can find a pairjof 



whole numbers the operation machine is using. 



Teaching Procedure ; 

Let the pupils use the operation machine as they did in the pre- 
vious class activity. 

Remove the "-" card from the operation machine. Say, "I put a 
number pair (8, 2) Into the operation machine. "Do we know what opera- 
tion the machine will do?" (No, there is no symbol to tell us.) Say, 
"We will see what happens." Get a pupil to turn the handle. Say, "A 
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number Is popping out." Put a numeral card for 4 In the bottom of the 
machine. "The machine gave us 4. What kind of operation machine Is 
this?" Let the pupils discuss this question. If they cannot answer, 
use other number pairs. Put (8, 4) In the top of the machine and 2 In 
the bottom. Again ask what kind of machine It Is. Continue until the 
pupils decide that It is a division machine. 

Place a symbol card for ^ In the proper place. Go on putting dif- 
ferent pairs of numeral cards In the top and asking what number pops 
out of the bottom. For example, put (6, 2), (9, 3), (12, 3) In the 
top of the machine. Also try the number pair (2, 6). Guide the pupils 
to say, "No number pops out." You say, "The division machine wl II not 
work for this number pair because the answer Is not a whole number." 

Vary the activity. Sometimes put a pair of numerals In the top 
and a numeral at the bottom and ask what operation the machine is per- 
forming. Other times, put an operation card In the middle and a pair 
of numeral cards in the top and ask what number pops out at the bottom. 
Choose the cards so the pupils find all of the four operations. Ask 
the pupils to turn to pages 14 - 17 in their books and look at the 
pictures of the operatlon^mach I nes shown there. In some of the pic- 
tures of the machines the numeral at the bottom is missing. In some 
the operation symbol is missing. In others the pair of numerals at 
the top is missing. Let the pupils talk about these operation machines 
and decide what the missing numerals or operation symbols are. 

The pupils will decide that exactly one numeral Is. needed at the 
bottom of each machine. Notice that there is one exception. The last 
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machine on page 16 will not give a whole number because 6 ^ 4 Is not 

a whole number. When the numeral at the bottom of th© machine Is given 

there may be many different pairs of numbers that can be put at the top 

to give that numeral at the bottom. For example, look at the fourth 

row of machines shown on page 14. There are many pairs, such as those 

shown below that can be put Into the first three machines, but only one 

pair can be put Into the fourth machine. 
(14. 7) 



(13. 6) 

(12, 5) 

(11. 4) 

(io. 3) 

(9. 2) 

(8. 1) 

(7. 0) 

\ Z 



(3. 0) 

(0. 2) 

(2. 0) 

(0. 1) 

(1. 0) 

(0. 0) 




(4. 4) 

(3. 3) 

(?, 2) 

(1. 1) 

(0. 0) 

\ z; 



(1. 1) 

\ z 

X 



In the machines with the operation signs missing, the pupils will 
decide what the operation Is. In some cases, there may be two possibi- 
lities. For example, on page 14, third row, the last machine can be 
either a subtraction or a division machine. 

Let the pupils do the exercise and put In all the numerals and 
symbols. If there are several number pairs, get them to choose one. 
Let the pupils talk about these exercises. 

Make sure the pupl do all the exercises on pages 14 - 17 over 
a period of several days. The exercises help to develop an Idea of 
what an operation Is. They also are good review exercises. 




Activity 3 ; Finding a new operation 
Objective : 

' Given a pair of whole numbers and the corresponding answer, 
children can Identify the new operatlpn the machine Is per- 
forming. 

Materials ; Cardboard operation machine used previously 
Teaching Procedure ; 

Say, "Here Is a new operation machine." Put the following pairs 
of numeral cards at the top of the cardboard operation machine, with 
corresponding numeral cards at the bottom; 

(4, 3) (5, 2) (I, 8) (7, 2) (3, 4) 
4 5 I 7^ 3 

Tell the class that In crder to keep a record of the numbers that pop 

out of the machine for this operation, we write; 

(4, 3) — ^4 

(5, 2) — 

(I, 8) — ► I 

(7, 2)..— ^7 

(3, 4) —♦3 and so on. 
Each time you put a number pair at the top and a number at the bottom 
write the result on the board as^ follows; 

(5, 7) ^5 

The pupils will be puzzled by this operation machine. It uses an 
operation strange to them. They may doubt that the machine Is really 
performing an operation. Ask, "Does the machine give us a number for 
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each pair of numbers we put Into It?" (Yes) Say, "Then the machine Is 
doing an operation. Our operation gives us one number for each pair of 
numbers." Review the addition and multiplication operations to show 
that with these operations we get one number for each pair of numbers. 

Talk to the pupils again about the new operation. Put more pairs 
of numbers Into the machine: 

(0, 5) — 

(4, 1) 1*4 

Ask, "If I put the pair (3, 6) Into the machine, what number will come 
out?" If someone says "3" write, (3, 6) — ►3. Ask the pupil who 
answered "3" to keep the operation a secret until the others find It. 

If no one says "3" write In "3". Say and write the number pair 
(6, 3). Ask for a number for this pair. If someone says "6" write 
this numeral. Continue until the class sees that this operation 
machine always gives the first of the pair of numbers that Is put Into 
the mach i ne . 

Since this operation Is new to the pupils, let someone give It a 
name and a symbol. A pupil may suggest that It be called "FIrstIng" 
because It always gives the first of the numbers In the pair and give 
It a symbol as F. Then write: 

(3, 6)— ^3 

(2, 7)— ^2 

(6, 3) — E_^6 and so on. 
Let the pupils use this machine unti I they see how It works. Ask the 
pupils to use the name and symbol they made up. 



Note: This operation and the others to follow are not Important. 
The pupils do not need to remember them. The operations are used here 
only to help pupils learn about operations. 

Say, "I am thinking of still another operation." This time you 
CO not need to use the cardboard operation machine. Write the pairs 
and the resulting numbers as follows: 

(I, 2) ^2 

(3, 2) 

(7, 3) 

(4, 6) — ►e 

Ask a pupil to give a pair of numbers. If he gives C3, 3), write 
(3, 3) 

and ask what number Is given by the operation. If a pupil says "3", 

write It after the pair. Go on In this way until the class discovers 

that this new operation always gives the greater of the two numbers If 

they are different and the number If they are the same. Again you can 

let the class give the operation a name and a symbol. They may cal I 

it the "greater" operation and use the symbol G. Then 

G 

(5, 2) >5 

G 

(6, 6) ^6 

G 

(I, 3) *'3 and so on. 

Note: If the pupils enjoy this activity, continue with some other 
new operations for them to discover. For example: 
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(The result of this operation Is always 
the product of the two numbers plus the 
second number: 
(4, 3)-^(4 X 3) + 3.) 
(The resi '.t of this operation Is always 
one more than the second number.) 

(The result of this operation Is always 
2 times the first number plus the secoo.d 
number. For example, 
(3, 4)-^(2 X 3) + 4.) 

Encourage some of the pupils to make up their own operations. Play the 
game called: What Is the Operation? It Is played as follows: 
Teacher: Tell me a pair of numbers both less than 6. 
John: 2 and 4 

Teacher writes on the board: (2, 4) — ^12 

Joseph: 0 and 5 

Teacher writes: (0, 5) — ►•lO. 

Mary: I think 1 know the operation. If 1 say (I, I), you will write 
4.. 

Teacher: That Is right, Mary. We have a secret. You take my place 
and see If other pupils can find the operation. 



(1, 


2)- 




•4 


(3, 


1) 


A 


•4 


(4, 


2)- 


A 


10 


(2, 


6) 


L 


16 


CO, 


2)' 




•3 


(4, 


1) 




2 


(3, 


7)" 




8 


(5, 


0)' 




1 


(4, 


3) 


0^ 


II 


(0, 


1) 


0^ 


•1 


(1, 


0) 


0^ 


'2 


(5, 


5) 


Q ^ 


'15 


(3, 


7) 


0^ 


►13 



34 
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Marv: Tell me another pair. 

Bob: 3 and 2 ■' • 

Mary writes: (3, 2) — ► 10 

Bob: I know the operation. If I say 2 and I,. you will write 6. 

Mary: How do you get 6 from 2 and I? 
Bob: I find 2 times the sum of 2 and I.. 

The game can be placed from the beginning with a pupil In the place 
of the teacher. Let a pupil think of an operation and write some 
examples on the board. 

Tnp I n lilt p pnpppi i es of operat i ons 

OBJECTIVES ; « 

1. To develop the meaning of property of an operation. 

2. To discover some properties the basic operations have: 

a. Addition and multiplication have the commutative 
property. 

b. Addition and multiplication have the assoQiatlve 
property. 

c. Multiplication Is distributive over addition. 

d. Zero and one have' special properties under addi- 
tion and mul tipl Icatlon. 

VOCABULARY : commutative property, property, associative property, 
distributive property 

MATERIALS : Six cardboard operation machines, flannel board, 25 figures 
for flannel board, yarn or string, 25, counters for each pupil, a 
piece of string for each pupil, pupil pages la - 26 



Activity I, ; Commutative properties of addition 



Pupil page 18 



and muitlpl I cat Ion 



Objective : 



Children can use the commutative property for addition and 



multiplication to determine If a sentence'ts true or false 



and to find a missing number. 



Teaching Procedure t 



Draw an addition machine on the board. Ask a pupil to name a pair 
of whole numbers, say (5, 8). Wrlt^the numerals for the numbers on 
the picture. Say, "I put In the liumber 5, then tha»number 8." Pre- 
tend to turn^the handle! Ask, "what number pops out of the machine?" 
(13) Draw another addition machine. Get a child to put the same num- 
bers In this machine but change the order. (The 8 goes In first, then 
the 5.) Let another child pretend to turn the handle and show the 
number that pops out. (13) The board will look like this: 



Say, "You changed the order of the addends, but the same number popped 
out. (13) Is this true for every pair of numbers you add?" (Yes) 
Let the children try other pairs of numbers. Guide the children to 
show this Idea in mathematical sentences. For example: 




(5,8) 



(8,5) 



8 + 5 = 



5+8 
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Repeat the activity with other pairs of whole numbers, If necessary, 
and finally lead them to see that for any two whole numbers a, and 
b: 

a + b « b + a 

Remind the children that this Is the commutative property of addi- 
tion . That Is, the sum of two whole numbers Is the same no matter In 
which order you add them. 

Repeat the above activity but use a multiplication machine, in 
a similar way lead the children to see that for any two whole numbers 
a_ and b^ 

a X b = b X a 

Remind them that this Is a property of multiplication and Is called the 
commutative property of multiplication . 

Let the pupils turn to pupil page 18. Let them, talk about a few 
of the exercises.' Guide the pupils to see that you do not have to do 
the operations each time to find the missing number. Let them use the 
commutative property to find the missing number by inspection. For 
example. In 9 + 7 = 7 + b. If b_ ls,9, the sentence Is true. (Commu^ 
tatlve property of addition) 

After the children have finished the exercises, let them talk about 
their answers and look for patterns. ' Get them to make true sentences 
for those sentences that are false. Guide them to use their knowledge 
of the properties. 



Activity 2 ; The commutative property 
Objectives; 
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1. Children can determine If operations like subtraction, divi- 
sion, and flrstlng have the commutative property. 

2. Children can use operation machines to show what It means 
for an operation to have the fcommutatlve property. 

Mater I a I s ; six cardboard operation machines 
Teaching Procedure ; 

The purpose of the activity Is to help the pupils Identify a prO" 
perty of operations called the commutative property. Let the pupils 
again think about many operations as they use their operation machines. 

Use several cardboard operation machines or draw them on the 
board as shown below. (Using the * operation Is optional.) 



I — — I ^ r 



X 



F 

i 



Say to the class, "Let us put the same pair of numbers Into each 
one of these operation machines." ,,Get a pupil to suggest a pair, such 
as (4, 2). Then let the class tel Lwhat num'-.ars come out of the 
machines^ Write the results below the machines; 

(4, 2)-^6 (4, 2)-^2 (4, 2)-^8 (4, 2)-^2 (4, 2)-£*4 (4, 2)-^3 

Ask, "What happens If we put the same two numbers Into the opera- 
tion machines, but this time put 2 In first and 4 in second?" Let the 
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puptis tell what numbers come out of the machines, and write the results 
below the others: 

(4, 2)-l»6 (4, 1)^2 (4, 2)-^8 (4, 2)-U2 (4, 2)-44 (4, 2)-21^3 

(2, 4)-U6 (2, 4)-l> (2, 4)-2»8 (2, 4)-U (2, 4)-£»2 (2, 4)-!U5 

The pupils will tell you that the subtraction machine and the divi- 
sion machine will not work when (2, 4) Is put Into the machines. (4 
cannot be subtracted from 2 to give a whole number; 2 cannot be divided 
by 4 to give a whole number.) 

Ask, "Which machine gives the same number for C2, 4) as for C4, 21?" 
(The addition and multiplication machines give the same number for (2, 4) 
as for (4, 2).) Try more pairs In the addition and mu I t tpl Icat Ion machines 
to see whether the numbers that pop out are changed when the order of the 
numbers of the pair Is changed. 

(4, 7)— ±*ll (4, 7)-Ji.»28 

(7, 4)— Ull (7, 4)-^28 

Note: We usually write (4, 7) — ^11 as the true sentence 4 + 7 « II 

and. (4, 7)-iS^28 as the true sentence 4 x 7 = 28. 

Let the pupils try many number pairs In this way. Guide them to 

tell about the order of the numbers of a number pair and the addition 

and multiplication operations. Encourage them to say something like 

t^ts: "The addition operation gives the same number for a pair no 

matter which one of the number pair Is first." There are many ways to 

say this. Accept any statement that gives the Idea. 



Explain to the class that they have found something about addi- 
tion and multiplication that Is always true. They have found a pro- 
perty of addition and a property oi multiplication. The name of this 
property Is the commutative property. 

Say, "You found that addition and multiplication have the commu- 
tative property. Does subtraction have the commutative property?" 
(No) Ask a pupil to show this with a subtraction machine. Let him 
put In a pair such as (7, 4) In which the first number Is greater than 
the second. Guide the pupils to say, "We do not get the same number 
for (4, 7) as we do for (7, 4) in the subtraction machine. Subtrac- 
tion does not have the commutative property." 

In the same way, guide the class to decide that division does 
not have the commutative property. 

Let them discover that the "firsting" and the "star" operations 
do not have the commutative property. Do this by showing other examples 
fn which we use pairs written In ^wo different orders: 



(Note: ^ operation is optional. If necessary, look again at some 
of the other operations that were used in Activity 3 and let the class 
decide whether they are commutative. For example, the triangle opera- 
tion does not have the commutative property. 





(5, 2) 



(2, 5) 




(These sentences may also be written 5^2 = 12 and 2L^5 = 15.) 

The G operation has the commutative property. For example: 
(2, l)JL^2 (5, 0)«fi«»5 (7, 6)-isU.7 

(I, 20 6^2 (0, 5)JL>5 (6, 7)^^7 

But the circle dot operation does not have the commutative property. 

For example: 

(3, 4)-^IO (4, 3)-^ll 

(These sentences may also be written 3 0 4 = 10 and 40 3 = II.) 

Guide the pupils by questions to again say that addition and mul- 
tiplication have the commutative property. Let them discuss what this 
means. Ask them to use their operation machines to show what It means 
for an operation to have the coimiutatlve property. 

Let the pupils turn to page 19 In their books and talk about the 
exercises. Get them to find the numbers that make the first few sen- 
tences true. Ask a pupil whether he can find one of the missing num- 
bers without adding or multiplying. Let the pupil explain why. For 
example, a pupil will say, "I can answer the first exercise without 
multiplying the numbers; n Is 3. We get the same product when we 
multiply 3 and 4 as when we multiply 4 and 3." Or he may say, "I 
know n Is 3 because 3x4 = 4x3. Guide the pup I Is to see that you 
do not have to do the operations each time to find the missing number. 
Ask the pupils to tell which other sentences can be made true without 
adding numbers or multiplying numbers. (Sentences I, 2, 3, 4, 6, 8, 9 
12) Each time, let the pupil explain why he can do this and tell the 
number that makes the sentences true. Do not require that he say 
"because of the commutative property." 



Activity 3 ; Adding and multiplying three numbers 
db.lectlve ; 

Children can tell what It means for an operation to have 

the associative property. 
Teaching Procedure : 

Review the process of adding three addends and multiplying three 
factors. 

Remind the pupils that addition and multiplication are operations 
on pairs of numbers. We always put two numbers In the operation machine 
and get one number out. Ask, "How can we add three numbers If we can 
put only two at a time Into the addition machine?" 

' Let the pupils discuss this, using three numbers 5, 5, 2. Guide 
them to decide that two of the numbers can be added first, and then the 
sum can be added to the third. Write this on the board: 
(3 + 5) + 2 

Let the pupils tel I you that It means 8 + ?, or 10. Ask whether 
they could d|6(the addition another way. Guide thbiT. to decide that the 
second and thrrdC>umbers could be added, and then add the first number 
to the sum. Wrlte'Vhls on the board: 
3 + (5 + 2) 

Lot the pupils tell you that this means 3 + 7, or 10. Write this 
sentence on the board and let the pupils decide whether It true and why: 
O + 5) + 2 « 3 + (5 + 2) 



Repeat this activity with three other numbers. Let the pupils 

put the addends In different groups of two numbers to add them. Then 

get the pupils to follow the same plan In multiplying the same three 

numbers. For example: , 

4, 6, 2: (4 + 6) + 2 = 10 + 2 « 12 

4 + (6 + 2) = 4 + 8 = 12 (4 + 6) + 2 = 4 + (6 + 2) 

4, 6, 2: (4 X 6) X 2 = 24 X 2 « 48 

4 X (6 X 2) = 4 X 12 = 48 (4 x 6) x 2 = 4 x (6 x 2) 

Repeat for several other sets of three numbers. Use, for example, 

2+5+7; 2x5x7; 4+6+5; 4x6x5; 8+2+4; 8x2x4 
Ask, "When we add three numbers, do we get the same sum no matter 
which two of the numbers wo add first?" (Yes) "When we multiply three 
numbers, do we get the same p-oduct no matter which two of the numbers 
we multiply first?" (Yes) "We have found another property of addition 
and multiplication. The name we givj* to this property is the' assocja_- 
tive property . " 

Let a pupil tell about this property of adding or multiplying three 
numbers. Do not require the pupils to use the word "associative" . 

Ask whether subtraction has the associative property. Check this 
by trying to subtract three numbers, for example, 8, 4, 2. Let the 
pupils subtract -the first two, then the third: 
(8 - 4) - 2 

Then subtract the last two, and subtract this number from the first: 
8 - (4 - 2) 

Ask these questions: "What is (8 - 4) - 2?" (4 - 2 or 2) "What Is 
8 - (4 - 2)?" (8 - 2 or 6) "Do you get the same number when you sub- 
tract these three numbers In different groups of the two numbers?" 



(One way we get 2, but the other way we get 6.) "Does subtraction 
have the associative property?" (No) 

Ask whether division has the associative property. Check with 
the three numbers 8, 4, 2. "What Is (8 i 4) f 2?" (I) "What Is 
8 * (4 * 2)?" (4) Does (8 f 4) i 2 equal 8 t (4 i 2)?" (No) "Does 
division have the- associative property?" *(No) 



Activity 4 ; Associative properties of addition Pupil page 20 

and multlpl Icatlon 
Objective : 

Children can use the associative property for addition and 
•mu I tip I Icatlon to determine If a sentence Is true or false 
and to find a missing number. 
Teaching Procedure ; 

Write on the board: 

(1) (4 + 3) + 5 = n 

ask, "What number n^ makes the sentence true?" (12) 

Then say, "Suppose we group the numbers another way." Write: 

(2) 4 + (3 + 5) = n 

Say, "The addends In the two sentences are the same numbers but the 
parentheses show a different grouping. What number n^ makes the second 
sentence true?" (12) Guide the children to see that they begin by 
finding. the number named In the parentheses. 

Ask, "Was the sum the same as In the first sentence?'' (Yes) (In 
both cases It was 12.) Use other examples to decide that no matter 
which of the two ways we group three whole numbers the sum Is the same. 
Say, "If we have any three whole numbers a^, bj and then: 
(a + b) + c = a (b + c)." 

5o 
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Remind the children that this Is another property of addition. It Is 
called the associative property . 

•As.k, "Do you think multiplication has the associative property? 
■ Is this sentence always true for any three whole numbers?" 

(a X b) X c = a X (b X c) 
Use the same procedure with several other examples until the chil- 
dren decide that multiplication Is associative. Ask the pupils to do 
the exercises on pupil page 20. Guide them to use the associative pro- 
perty to help them answer the questions and to see that you do not have 
to do the operations each time to find the missing^ number. 
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Activity 5 ; Separating arrays antf wrlt'ijig sentences 
Objectives : 

1. Children can write mathematical sentences for separated 
arrays of dots which Illustrate the distributive property. 

2. Children can separate arrays to represent mathematical 
sentences which Illustrate the distributive property. 

Materials ; flannel board, 25 figures for flannel board, yarn or string, 
25 counters for each pupil, a piece of string for each pupil 

Teaching Procedure ; 

Make a rectangular array on a flannel board such as the array shown 

be I ow . 
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Ask the class to describe this array. Guide them to say that this array 
shows 3x6. Write on the board 3x6. 

Separate the array Into two arrays using a string or yarn as shown 



be 1 ow . 




• • • • 

• • • • 

• • # • 



Ask the class to describe this array. They may say that there are 
still 3 rows but now each row has 2 members and 4 members. Write on 
the board 

3 X (2 + 4). 

Ask, "Are 3x6 and 3 x (2 + 4) represented by the same number of dots? 
(Yes) Therefore, we can write 3 x 6 - 3 x (2 + 4) Write on the board 
3x6 = 3x(2 + 4) 
Separate the array into two arrays as shown below. 

« • , • • • • 

• • • • • • 

# • • • • • 

Ask the class to describe the array. (3x2 and 3x4) Write on the 
board 

(3 X 2) + (3 X 4) 

Ask, "What happens if we put the arrays together? (WeMI get the ori- 
ginal array.) Are 3x6 and (3 x 2) + (3 x 4) represented by the same 
array?" (Yes) Write on the board 

3 X 6 = (3 x 2) + (3 X 4) 
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Ask, "Are 3 x (2 + 4) and (3 x 2) + (3 x 4) represented by the same 
number of dots?" (Yes) Write on the board 

3 X (2 + 4) = (3 X 2) + (3 X 4) 
Continue this activity with other arrays and separate them In 
several ways. For example. 




(2 X 6) 



(2 + 2) X 6 



(2 X 6) 



(2 + 2) X 6 = (2 X 6) t (2 X 6) 
Note: You will observe from the examples that If the multiplier Is 
on the right (2 + 2) x 6, the array Is split horizontally. If the 
multiplier Is on the left 4 x (4 + 2), the array is split vertically. 





« X (4 + 2) (4^4) 

4 x (4 + 2) = (4 X 4) + (4 X 2) 



(4 X 2) 




Give each pupil 25 counters and a piece of string. Write the 
following sentence on the board. 



4 X (3 + 2) = X 3) + (4 X 2) «♦ 
Ask, "How many counters do we need to represent this sentence?" (20) 
Ask pupils to make a 4 by 5 array. Let them arrange their counters to 
represent 4 x (3+2) using string. Then let them arrange their counters 
to represent (4 x 3) + (4 x 2). 



• • • 


1 * * 


• • • 


• • 


• • • 


1 * * 


• • • 


• • 


• o • 


1 * * 


• • • 


• • 


• • • 


1 • • 


• • • 


• • 


♦ X (3 


+ 2) 


(4x3)+ 


(4 X 



Continue this activity with the following: 
4 X (2 + 3) = (4 X 2) + (4 X 3) 
3 X (3 + 4) = (3 X 3) + (3 X 4) 
Ask the pupils to turn to pupil page 21 and write sentences In 
their books for each of the separated arrays of dots. 



Activity 6 : A pattern In multiplication Pupil page 22 

Ol.jectlve ; 

Children can write two mathematical sentences for a story 
problem which Illustrates the distributive property. 

Teaching Procedure ; 

Give the students the following story problem. Peter collects money 

on Monday and Tuesday for a boys' club. He collects five cents from 2 
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boys on Monday and from three boys on Tuesday. How much does Peter 
collect altogether? Let the pupils talk about the two ways In which 
Peter can count his total collection: 



or 



(2 X 5) 

Number of cents 
col lected on 
Monday 

(2 + 3) 

number of pup I Is 
who paid on Monday 
and Tuesday 



(3 X 5) 

number .>f cents 
col lected on 
Tuesday 



5 



number of cents 
col lected f run 
each pupl I 



n 

tota I 
number of 
cents col lected 

: n 

iota' number 
of cents 
col lected 



Let the class decide again that these two sentences tell about the same 
problem. and the same number makes the sentences true. 

Say, "We would like to find a property of multiplication and addl- 
tion together. Let us solve more story problems and try to find such a 
property." Let the pupils turn to page 22 and read the first word prob- 
lem. Help them think about the problem and the two mathematical sen- 
tences that tell about the problem. Let the pupils give the two sen- 
tences. Then write them on the board as follows: 

(3x6) + (3x4) = n 



number of nuts 
In first box 



number of 
rows 



number of nuts 
in second box 



(6 + 4) 

number of nuts 
In each row 



total 
number of 
nuts 

n 

total 
number of 
nuts 



As you point to each part of the sentences, lot the pupils tell 
what it represents. Let the class decide that these two sentences tell 
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the same thing about the problem. Finally, write this sentence: 

(3 X 6) + (3 X 4) = 3 X (6 + 4) 
Let the pupils decide that It Is a true sentence. 

Remind the class that the sentence you wrote has both multipli- 
cation and addition In It, In a very special way. Let the class give 
sentences for the other three problems on page 22. Write them all on 
*he board. 

1. (3 X 6) + (3 k 4) = 3 X (6 + 4) 

2. (2 X 5) + (2 X 5) = 2 X (5 + 5) 

3. (5 X 3) + (5 X 4) = 5 X (3 + 4) 

4. (2 X 4) + (2 X 5) = 2 X (4 + 5) 

In a I ^these true'^ sentences there Is a pattern. Let the pupils 
discover the; patter^n If. they can. (If a number Is multiplied by the 
sum of two addends, the result Is the same as multiplying the number 
by each of the two addends and adding the products.) 



Pup 1 1 page 23 



Activity 7 ; The distributive property 
Objective ; 

Children can use the distributive property to determine 
If a sentence Is true or false and to find a missing 
number. 
Teaching Procedure : 

Write the following story problem on the board: 

Carl bought 3 cans of biscuits on Monday. He bought 4 cans 
)n Tuesday. Each can contained 5 biscuits. How many bis- 
cuits did Carl buy on Monday and Tuesday together? 
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Let the pupils talk about the story problem. Ask, "How many biscuits 
did Carl buy on Monday? (15) How do you know It Is 15?" The chil- 
dren may say something like, "There are 5 biscuits In each can. Carl 
bought 3 cans. He bought 3 x 5 or 15 biscuits." Guide them to find 
In a similar way the number of biscuits Carl bought on Tuesday. (4 x 5) 
Ask, "How many biscuits did Carl buy altogether?" Help them to make 
the sentence: 

n =, (3 X 5) + (4 X 5) 
Let the children say what number n_ Is. (35) 

Ask, "Can you think of another way of finding how many biscuits 
Carl bought?" Help the pupils by asking questions such as, "How many 
cans did Carl buy altogether? (3 + 4 or 7) How many biscuits were In 
each of these cans?" (5) Guide them to write: 
n = (3 + 4) X 5 

Help the children discover that In both sentences n^ Is the same num- 
ber. Guide them to write: 

(3 + 4) X 5 = (3 X 5) + (4 X 5) 
Draw a rectangular array to show the sentence: 



• • • 




• • • 

• • • 




r. . . 

• • 4 




• • 4 

V • • 





(3 + 4) X 5 (3X5) +(4X5) 

Write on the board: 

3 X (5 + 2) = (3 X 5) + (3 X 2) 



Ask, "Is this sentence true?" (Yes) Let the children tell why. Do 
other similar examples until the children are convinced that for any 
three whole numbers, a^ £» 

a X (b + c) = (a X b) + (a x c) 

Remind the pupils that this Is called the distributive propgrty 
of multiplication over addition. We also say that mu 1 1 Ipl icatjon l^s 
distributive over addition. 

Let the children do the exercises on pupil page 23. Guide them 
to use the distributive property In working out the exercises. For 
example. In Exercise I they will see by the distributive property that 
a_ Is 8 without doing the operations. 



Activity 8 ; Properties of 0 and I 
Ob.iectl\Aes ; 
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1. Children can identify the Identity properties of 0 and of 
I when they are used. 

2. Children can use the identity properties of 0 and of I to 
find a missing number. 

Teaching Procedure ; 

Review these a jd It ion facts: 

0+1 = l;0+2 = 2;0 + 3 = 3;4+0=4;0 + 5 = 5; 
6 + 0 = 6; and so on. 
Write these sentences on the board and ask what number makes them 

true 

0 + 732 = n a + 350 = 350 

The pupils will say that n Is 732 and a Is 0. You and the pupils write 
and solve other sentences with 0 as an addend. 
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/ Ask, "When a number and 0 are added, what is the sum?" (The sum 
Is the same as the number.) Ask what number makes these sentences true: 

0 + x = x x + 0= x 

Many numbers will be named. Let the class decide that the sentences 
are true for each of the numbers. Guide the pupils to say that 0 + x = x 
Is true no matter what number x Is. Say, "We have found a property of 
the number 0. When 0 Is an addend, the sum Is always the other addend." 
Now review these multiplication facts: 

1x0=0; 1x1=1; 1x2=2; 1x3= 3; 4x1= 4; 
.5x1=5; I X 6 = 6; and so on. 
Let the pupils write other multiplication sentences using the 
factor I . 

Ask the class to tell yoti a property of the number I. If no one 
can do this, ask for the number that makes these sentences true: 

I X 312 = n b X 350 = 350 

The pupils will say that n Is 312 and bMs I. You and the pupils write 
and solve other sentences with I as a factor. 

Ask, "When a number and I are multiplied what is the product?" 
(The product Is the same as the number.) Ask, "What number makes these 

sentences true?" "^-x 

I X y = y } '■ y X I = y 

The class will decide thlt the sentences are true no matter what number > 
Is. Say, "We have found a^roperty of the number I. If I is a factor, 
the product Is always the same as the other factor." 
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Ask the children to turn to pupil page 24 and answer the questions 
In their books. Read over the questions with the class, hn exercises 
7 to 12 ask the pupils to decide what numbers make the sentences true. 
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Activity 9 ; Properties of zero and one 
Objective : 

Children can use the commutative, associative, and Identity 
properties for addition and multiplication and the distri- 
butive property to determine If a sentence Is true or fal§e 
and to find a missing number. 

TeachTng Procedure ; 

Draw an operation machine for. addition on the board with m and n^ 

as the ordered pair of numbers put Into the machine. (See diagram 

be I ow . ) 

(m, n) 



m 



Say, "Let us choose any number m. Imagine that same number m Is assigned 
by addition to the ordered pair of numbers (m, n) . Do we then know 
what number it, is?" If no one can tell, suggest that they try a number 
for m and see what £ must be. If a child says, "Let m be 5", then 
5 Is assigned to the pair (5, n). Ask someone to show a sentence for 
this: 

5 + n = 5 
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Let children suggest other numbers and write the resulting sentences. 
Continue until there are four or five examples, such as: 

5 + n « 5, 8 + n = 8, 3 + n = 3, 19 + n = 19 
Ask, "What number remakes these sentences true?" They should see 
that n. Is 0 In each sentence. Guide the children to say, "When 0 Is 
added to a number, the sum Is that number." Tell them this Is called 
the Identity property of zero . Ask, "If 0 Is an addend what can you 
say about the sum?" (It Is the other addend.) 

Put several sentences on the board to Illustrate the Identity 

property of zero. 

32 + 0 = a n = 195 + 0 513 + 0 = s 

|7+0=x 0+c=62 m=0+l2 

Let the children tell what numbers make the sentences true. 

Draw a multiplication n.achlne on the board and say, "Here Is 
another operation machine. It Is a multiplication machine. When you 
put 'in the pair of numbers (m, n), m comes out. What number do you 
think II Is? Try a few examples and see." 

(m,n) 



m 



Again, let us suggest different numbers for m. If a child says "eleyen", 

then pretend to turn the handle and write "II" as tlie number assigned to 

(II, n). Let the child write a sentence to show this: 
i I X n = II 



After a few more examples ask, "What number Is n.? (One) This Is called 
the Identity property of one . What Is the property of one? (When any 
number and 1 are multiplied the product Is the same as the number.) You 
can say this another way. If I Is a fac<-or, then the product is the 
same as the other factor." 

Write several sentences to illustrate the multiplication property 
of one. Let the children tell what numbers make the sentences true: 
19 X I = n 43 X I = m r = I x 613 

• m » I X 367 930 X I s w s = 20 x I 

Let the pupils turn to page 25 and decide which sentences are 
true. Ask pupils if they can decide which sentences are true without 
working them out. Guide pupils to look for patterns illustrating pro- 
perties and patterns not Illustrating properties to decide which sen- 
tences are true. 

Let the pupils decide what numbers make the sentences true in the 
exercises on page 26. Remind the children that many times they do not 
have to do the operations to find the rp-isslng number. Let them tell 
how they found their answers. 
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UNIT 6 
Geometry 

OBJECTIVES ; . * . 

I. To review the use of the words "beside", "to the right of", 

"to the left of", "between". 
2; To review the use of the words "Inside", "outside". 

3. To Introduce the concepts of point, line segment, and end- 
point. 

4. To Introduce tjie Idea of a simple closed curve. 

5. To Introduce the notion of extending a line segment to a 
I Ine and to a ray . 

6. To Introduce the Ideas of plane region and polygonal region. . 

7. To Introduce the Idea of angle. 

8. To Introduce the Idea of Intersection of lines with lines 
and planes with lines. 

9. To extend the Ideas of angle, triangle, and polygon. 

BACKGROUND INFORMATION FOR TEACHER ; 

r 

This unit Is designed to give the pupils pleasure while discovering 
and experimenting with geometric concepts. 

In this unit the Ideas of points, space, line segment, end-potnts, 
rays, planes, regions, angles, polygons, and paths will be Cntroduced. 
Relations such as between, beside, above, on, and tnstde are stud Ted 

as "nearby relations". (Thoy are called "nearby" because they are re- 

■> 

latlons between objects which are usually near each,other.l 
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The word "point" In the dictionary. Is defined by other words. 
One of the words used In the definition. If also looked up, will be 
defined by "point" or some other word previously used. 

In mathematics some words are not defined, such as "potnt" iand 
"line". However, other words In mathematics are d^lned using such • 
^rds as "set", "point", and "line". 

Pupils give meaning to these words from the descriptions that are 
supplied them. For example, a point Is described as an exact loca- 
tlon. A point cannot be seen or felt and has no size. Note that this 
Is a description of a point, not a definition. 

A small dot may be used to picture a point; the smaller the dot 
the better the picture. Under a microscope, however, even a smal'l dot 
can be seen to cover many locations. 

We think of a point as denoting a fixed tocatlon. For example, 
the point Indicated by the corner of a desk would remain unchanged even 
though the desk were moved, only now It Is no longer represented by the 
corner of the desk. 

The tip of a pin would represent a point. If the ptn were moved, 
the point would remain — the location Is fixed but the tip that repre- 
sented It was moved. 

A string, whether held loosely or stretched tightly, shows a geo- 
metric figure. The name "curve" Is given to all figures shown on a 
string. A curve can i thought of as the path (whether "straight" or 
not) traced In going from one location to another. 




other examples are a "curve" drawn on a -sheet of paper, a route 
taken from one city to another, telephone wires between two poles, etc. 
Thus we see that a curve contains more points than we can count. 

A special curve represented by a string stretched tightly between 

two points, say A and .B, is c^l led a line segment, denoted AB, or 
A B 

bA, • • . Another line segment Is represented by the edge 

of a desk, or by a path drawn with a pencil and ruler connecting the end- 
points of the line segment. If the string Is removed, the, line segment 
remains since the string only rwpresented a set of locations. 

A I Ine may be thought of as an extension of a line segment I;i batii^ - 
directions. A line Is shown as-«i- denoted *AB* or *BA* w I th arrows 

showing that the line is considered -'o be extended infinitely., 

A B 

A ray , ddnoted BA, < ' Is defined as that part of a line con- 

sisting of a point called the end-point, and all points of the line In 
one direction from the end-polr.t. Cur example shows a ray with end- 
point B and the part of the line to the left of B. A flashlight may be 
used to help students visualize a ra/; the rays of light emanate from 
the source which would correspond to the end-point. Note that the first 
letter mentioned denotes the end-point. 

We now return to the concept of curve and we wil I restrict our dis- 
cussion to curves In a plane. A curve may be represented by a set of 
points traced without lifting the pencil from the paper. 

Thus we see that line segments, lines, and rays are all curves, in 
a simple closed curve , it Is possible to start at any point, trace the 
entire path without lifting the pencil and come back to the starting 
point without intersecting (or touching) the curve. 



Thus, a circle, a triangle, and a square are good Illustrations of 
a s!,mple closed curve. Each of these. In a plane (flar) surface, has 
what might be called an Inside and an outside. Indeed, for any simple 
closed curve In the plane, three sets are distinguished: the Inside 
of the curve, the outside qf the curve, and the curve Itself. The 
points of the curve are neither on the outside nor the inside, the 
union of the set of points of a simple closed curve and the set of 
points In the Interior of the curve is cal led a pla'^ e region . The top 
of a desk would represent a plane region and so would the floor In the 
classroom, the bottom of a waste-paper basket, a wall surface, the sur- 
face of a window-pane, etc. 

A triangle is a simple closed curve which is the union of three 
line segments. The three segments are the sides of the triangle. A 
quadrl latera I Is a simple closed curve which is the union of four line 
segments no two of which are on the same line. The four segments are 
the sides of the quadrilateral. 

In everyday conversation, we often use words like "circle'^ "tri- 
angle", and "rectangle" in two ways. They sometimes are used to mean 
a plane simple closed curve and sometimes are used to mean a plane re- 
gion, the curve together with its inside* For example, people say that 
the rim of a wheel and the top of a tin can both represent circles. 
However, the rim of a wheel represents a circid, while the top of a can 
represents the region bounded by a circle. 
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In this book, "circle", "triangle", and "rectangle" will refer to 
the curves. We will say "circular region", "triangular region", and 
"rectangular region" when we refer to the regions. In summary, names of 
plane figures usually refer to the curves, not the plane regions. 

An angle Is defined as the union of two rays which are not on the 
same line, and have the same end-point, called the vertex . 

Intersections of streets, corners of boxes and buildings, knife 
cuts In cheese, and folds and wrinkles In paper are examples of the 
geometric Idea of Intersection of figures. In geometry, a place where 
two figures meet Is sometimes a point. The point lies on both figures. 
Thus, we say the figures have the point In common. In some cases, two 
figures meet at more than one point. The figures shown by the Inter-, 
section of the floor and a wal I of- a room have a line segment In CQmmon; 
they Intersect In a line segment. A circle and a line may intersect in 
two points or one point or no points. A triangle and a line may Inter- 
sect In no points, one point, two points, or in a line segment. Pictures 
of these Intersections are shown below. 
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This §71*4 re unit should be taught with the objective In mind that 
the students have tun trying out the activities suggested • The student 
should be encouraged to do much free-hand drawing of lines and circles 
as the class discussion centers around these Ideas* The student should 
not feel that he must draw lines with a straight-edge in order to under- 
stand the notions presented • If the students have difficulty In draw- 
ing circles then they may draw triangles for some of the activities that 
Involve simple closed curves. ; 

The students should be given every opportunity possible to explore 
the notions suggested before generalizations are made. The students 
should also be given opportunity to verbalize their ideas; they should be 
encouraged, even urged to talk about what they think about the Ideas* 
The teacher should not expect that formal, precise language be used, but 
that the students have the opportunity to discuss their Ideas about geo- 
metry as they ^see It. As the discussions progress, students w j I I be able 
to sharpen their perceptions by comparing them to those of their class- 
mates. 

TOPIC I: GEOMETRIC OBJECTS AND IDEAS OF f^ELATION 
OBJECTIVES : 

\. To provide interesting objects that demonstrate geometric 
f igures. 

2, To review the use of the words: "beside", "to the right of", 
"to the left of", "between", "inside", and "outside". 
VOCABULARY ; beside, to the right of, to the left of, between, above , 
below, on, inside, outside, curve 



SYMBOLS ; None 

MATERIALS ; ball, box, pencil, bottle top, rock; pupil pages 27 - 29 

Act I V I tv I ; (Oral) Collecting objects that represent geometric 

figures 
Objective ; 

Children can collect objects which show the following 
figures: points, line segments, angles, right angles, 
triangles, circles, circular regions, rectangles, rec- 
tangular regions, squares, 4-sIded figures with no right 
angle, 5-sIded figures, and regions. 
Teaching Procedure ; 

Let the pupils help you collect, make, and Identify different geo- 
metric shapes. Many things which suggest shapes are In the classroom 
or can be obtained easily. The children may volunteer to bring some 
things from home. Bring some of the objects yourself, and have mater- 
ials available for making some others. 

Collect objects that show the following figures; points, line 
segments, angles, right angles, triangles, triangles with two sides 
of same length, right triangles, circles, circular regions or discs, 
rectangles, squares, four-sided figures with no right angles, five- 
sided figures and regions, etc. 

Listed on the following page are some objects that show these 
shapes. You will think of other objects. You and the children collect 
or make as many of these objects as you think desirable. 



\. Points are shown by dots on the board, tips of corners of 
books, ends of sharpened pencils, ends of pins, pJn holes 
In paper, intersections of folds In paper, 

2* Line segments are shown by edges of books, stretched strings 
and rubber bands, straight sticks, pencils, grass, straw, 
some shadows, folds in paper, edges of wooden board, chalk 
and pencil traces of straight edges* 

3* Lines are Imagined as the extensions of line segments shown 
by objects like those listed above* The extensions are 
indicated by drawing arrowheads on the ends of pictures of 
I i ne segments, 

4. Angles are shown by corners of objects; right angles are shown 

by square corners* 
5* Triangles^ four-sided figures, squares, rectangles, and circles 
are shown by string, by bent wire, by sticks fastened together, 
by the edges of cutouts, by drawings on the board* 
Pupils may enjoy making a flannel board display of the above (points, 
line segments, lines, angles, triangles, four-sided figures, squares 
rectangles, and circles) by using yarn and felt scraps* It may be a 
continuing activity, growing as new geometric ideas are introduced, such 
as rays, curves. Intersections. 



Activity 2 ; Using the words ^'beside'', "to the Pup I I pages 27, 28 

right of", "to the left of'', and "between" 



Objective ; 

Given a picture showing a series of objects, children can 
Identify their placement in* the picture using terms as to 
the right of, to the left of, beside, between, above, and 
below. 

Materials ; ball, box, pencil, bottle top 
Teaching Procedure ; 

Get the pupils to show their right hands and then their left hands. 
Help those who do not show the proper hands to decide which hands are 
right hands and which are left hands. 

Say, "I am going to tell you about John and Bob. John went look- 
ing for his friend Bob, Bob lived in a house beside a tree." Draw a 
house with a tree beside It on the board. 




"John called to Bob, 'Come out and play.' Bob came out of the house 
.and stood beside the house. The house was between Bob and the tree." 
Draw a picture of Bob like this; 



"John called, 'Bob, I can see you to the right of your house. The 
house Is between you and the tree. The tree is to the left of 
your house' ." 

Let the children be John and Bob and go through the story.' Let 
John tell about where Bob is standing. Let Bob say things like, "My 
house is to the right of me. The tree is to the right of me." 

Place a box and a ball on a table at the front of the room. Ask 

3 child to place the ball to the left of the box. Say, "The bal I is 

beside the box. The ball Is to the left of the box. Say, "The box is 

to the right of the ball." Ask a child, "Where Is the ball?" (The 

ball is beside the box; the ball is to the left of the box.) Ask a 

child to face the class from the other side of the table. Ask, "Where 

is the ball?" (To the right of the box.) 

Let the pupils discuss the fact that the ball is to the right of 

— -> 

the box for the child facing the class and to the left of the box for 
the other children in the room. Let children go to the front of the 
room, face the class, and decide whether this is true. 

Give a child a pencil, and ask him to put the pencil to the right 
of the box. Give another child a bottle top and ask him to put it to 
the right of the pencil. 




Ball Box Pencil Bottle Top 



Let the pupils tell you the location of the pencil. For example, 
they may say, "The f:j|pcil Is between. theyl5ox and the bottle top. The 
pencil Is to the left of the bottle top. The pencil is to the right 
of the box and to the right of the b.ali." 

Ask a child to face the class as he stands on the other side of 
the table. Ask him to tell where the pencil is. He will say, among 
other things, "The pencil Is to the right of the. bottle top. The pan- 
el I Js to the left of th^- box. The, pencil is to the left of the ball." 

Let the pupils faA about why their statements are different. Get 
several pupils to make the statement, "The pencil is to the right of 
the box." Then let them move to the other side of the table and say, 
"The pencil is to the left of the box .J' 

Repeat this activity, with the pupils talking about the location, of 
the other objects on the table. 

Let each pupil place his book and a pencil on his desk. Say things 
like, "Put your right hand to the right of the book. Put your right 
hand between the pencil and the book. Put your left hand to the left of 
the pencl.l. Put your left hand to the right of the book." Move about 
the room as you say these things, helping children who need help. Let 
some of the children give similar directions to the class. 

Tell the pupils to look at pupil page 27. Ask a child to read tffe 
first set^tence in exercise I and tell whether the sentence Is a true 
sentence ^r a false sentence. Let the class decide whether his answer 
Is correct. Ask other children to read sentences and tell whether they 
are true or fal^e sentences. If a sentence Is false, ask the child to 
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make a true sentence. After a I I the sentences are read, say, "Make other 
statements like these about the rectangle, circle, and triandle." 

Tell the pupils to read the sentences in Exercise 2. Ask a child, 
"What word do you put in the blank in the first sentence to make It 
true?" Let him read',his sentence. Ask the other children to decide 
whether the sentenc^ is true. Ask simi lar questions for the oth^r sen- 
tences. ( 

'Tell the pup|Ms to look at the number line In Exercise 3* You make 
some statements about the numerals on the number line using the words 
"beside", "between", "to the right of", and "to the left oV\ Then ask 
the children to make other statements about the numerals. 

If the pupils already understand the Ideas of this activity or If 
they learn them very quickly, shorten or omit several of the suggested 
activities, He^^ver, be sure to let the pupils use the ideas/ with th^ 
number line of Exercise 3 on page 27. 

Say, "Hold your right hand above your head. Place your left hand ' 
below the top of the desk." If all the pupils do this correctly, they 
understand "above" and "below", and this activity is then very short. 
Tell the children to^do a few other things, such as the ones listed 
below. You will think of others. 

Hold a pencil below your book; hold your book below your* 
penci I . 

Place your right hand below your left hand. 

Put your book above your left hand; pi ape your right hand 

below your book. 

Tell the pupils to look at Exercise I on page 28. Ask questions 
J Ike, "Is the triangle above the square?" (Yes) "Is the circle below 
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the triangle?" (Yes) Let the children say other tl.ings about these fig- 
ures, using "above", "below", and "between". " 

Ask similar questions about the numerals on the number line in Exer- 
cise 2 on pupil page 28. Ask, for e><ample, "Is the numeral 3 above the 
numeral I? Is the numeral 4 between the numeral 5 and the numeral 2?" 
Get the pupils to make complete statements when they answer. Let them 
ask other questions. 

Ask the pupils to look at Exercise 3. Let them describe the loca- 
tion of the barn, bird, plane, and cloud In relation to each other using 
the words "above", "below", or "between". (Continue with activities of the 
following type.) Draw this figure on the board: Ask, "Is there a point 
on the board between A and C and also between B and D? How would you 
\flnd It? Is the point Inside the square or outside the square?" 



B 



Ans. 
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Consider a triangle and a point P inside and a point Q outside the 
triangle as Indicated. Is there a point of the triangle between P and 



Su 
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Q? (Yes) Can you find two points of the triangle between points P and 
Q? (No) 




Ans, 




/ 



/ 

Point P is the only point of the triangle 
that is between P and Q. (Points like 
S are points of the triangular region 
which are between P and Q.) 



Pup 1 1 page 29 



Activity 3 : Extending the use of "inside and 

"outiide" (oral) 
Objective : 

Given a picture showing a series of figures one within 
another, children can identify their placement using such 
terms as: inside, outside. 
Material s : box, rock, pencil 
Teaching Procedure : 

Say, "Name something you see Inside this classroom* Name something 
outside the classroom." (John Is inside the classroom. John's mother is 
outside the classroom. The tree is outside. The table is inside.) Con- 
tinue until many of the children use the words. 

Place a rock inside a box. Put a lid on the box. Put the box on a 
table beside a pencil. Write on the board, "The rock Is Inside the box* 
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The pencil Is outside the box." Ask a pupil to read the sentences. Make 
sure the pupils can read and know the meaning of each word. 

Tell the pupils to Ijok at page 29, Exercise 1. Ask a child to 
read the sentences. Asn another child whether they are true sentences. 

Tell the pupils to look at Exercise 2. Ask a^hild to read the sen- 
tences and put the words in the blanks to nake true sentences. (The 
circle Is Inside the square, and so on.) Tell the pupils to look at Exer- 
cise 3. Ask them to make statements about the figures, using the words 
"Inside" and "outside". Guide them to include statements like "The square 
Is Inside the circle. The square is ouifiide the triangle." Let the pupils 
make similar statements about the figures in Exercise 4. An arrow and a 
cross and two points, M and L, hjSve been included for variety. 

TQPiC Mr PQINt^ AND CURVES 
OBJECTIVES ; 

1. To Introduce the concept of point. 

2. To Introduce the concept of a simple closed curve. 
VOCABULARY ; points, curves 

MATERIALS : none; pupil pages - none 

Activity I : (Oral) Points 

Objective ; ^ 
Children can describe a point as a location In space. 
. Teaching Procedure : 

The children may be asked to answer the following questions: What 
is a point? Is It the tip of your penci I? Is it the sharp tip of a pin? 

•4. 



Is It e dot made with a pencil on your paper? Is It a dot on your 
paper made with a crayon? (Have students draw the dots with the pen- 
cil and crayon.) Is it a dot on tne board made with chalk? with a 
pencil? No, none of these. Dots are used to help us think of points. 
We use a letter to name the point. Thus we have points 

. B 

. A 

. C 

Show some dots on the board named /\ B, C. " , 

In geometry, we think of a point as an exact location. A point 
!;annot be seen or felt. It Is so small it has no size. How can we see 
germs? If we were to see a germ undSr a microscope. It would appear 
very largo and cover many locations. Any object, not matter how small, 
covers r^any locations and Is not a point, only a picture of a point — 
such as. a dot. 

Ho'd your oenci I over your desk with the eraser tip down. Ask, 
"Could the eraser tip show a point? (Yes) Could the sharpened tip show 
a point?" (Yes) Move the sharp tip of 1he pencil to'anbther place on 
the desk. Tell the studer ' "I am now indicating another point, a dif- 
ferent location," 

Suppose we have three points anc we wish to name them points P, Q, R 
Capital letters are usually used to name points. Can you describe a set 
pf four points In your room? Answers will vary, and they might suggest 
something like four corners on the top of their desks, the four points 
where their chair touches fie floor, etc. 
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Many Interesting Ideas can be formed using sets of points. 

Draw the following dots on the board and ask the children which of 
these points shows the best picture of a point. Why? • • • 

Ask the children how many points a dot drawn with a pencil on a 
piece of paper covers. Have them draw a dot on their paper. Does it 
cover one point, several points, a thousand, more than we can count? 
(More than we can count.) 

What describes a poin+ best? A chalk mark on the board, a dot made* 
with a v^*;^ sharp pencil, a dot made with a sharp pin, or an exact loca- 
tion In space? 

Activity 2 : (Oral) Curves and points 
Objective ; 

Children, can identify a cur^ve as a path. 
Teaching Procedure ; \ ' • 

Tel I a story like this; "Once upon a time there was a little ant, named 
Speedy, who wanted to see the world.. He said good-bye to all his friends 
and startftd out ever the flat ground. After a while he came to a rock. He 
thought, 'I will not climb over/this rock. I will turn to the right.' 
Soon he met his friend Quickfoot. They touched feelers. 'I am going to 
see the world,' said Speedy. 'The world is big,' replied Quickfoot. 
Speedy went on." 

Say, "Let us draw^a picture of Speedy 's path. Where did he start and 
where did he go?" Let the children tell yoo what happened. Draw a picture 
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like this on the board: 



Q 



R 



A* 



Say, "A shows the ant hill where Speedy started* R shows the rock. Q 
shows the place where he met his friend Qulckfoot* Our picture Is not 
his real path. We call the picture of a path a curve. Our picture shows 
a curve. Pictures of places along the path, like R and Q, we call points. 



of the beetle, so he turned to the right again. A little farther on he 
met a scout from the a|)t hill, 'Speedy, what are you doing so far from 
home?' askod The scout. 'I am going to see the world,' Speedy replied. 
'Find good things,' said the scout, 'and you may be a scout some day.' 
Speedy soon found a big pile of very tasty young grass. He thought, 'We 
have not had tasty grass like this to eat for a long, long time. I must 
tell the other ants.' He took a piece In his mouth and started home by 
turning right again. He met three friends, Happy, Fairy, and Muddy. Tc| 
each he said, 'Look at the very good grass I found.' Muddy ran on ahead. 
He called to the other ants at the ant hill. 'Here comes Speedy. He has 
found a pile of fresh new grass.' The other ants ran to Speedy. They 
asked, 'Where Is the grass?' Speedy told them. Soon the ants had eaten 
all the tasty grass they could eat. The chief of the ants sent for Speedy 
and said, 'Thank you. Speedy, for finding the delicious grass for us. You 
are now one of our Chief Scouts.' Speedy was very happy to be a scout," 



The picture of Speedy's path contains line segments AR and RQ," 



Go on with the story. 



"Speedy next met a beetle. Speedy was afraid 
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While telling the story, draw the picture of Speedy' s path to look 
I ike this: 




Let the pupils talk about the picture. Get them to put their fingers on 
the points and say things like, "At point S, Speedy met the scout. At 
point G, he found the tasty grass. At point R, he came to the rock." 
Say, "In the picture, points show places." 

Go on. "The paths that Scout Speedy took were over a flat field. As 
he did his scouting, he found many things. One day he found a leaf, a 
piece of wire, a dog, and a tree." Mark points to show the places where 
Speedy found these things, as shown in the picture below. 



T 
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Say, "Points L, W, D, and T show the places where Scout Speedy found the 
leaf, the piece of wire, the dog, and the tree. Speedy 's path is called 
a curve. We say that point F Is on the curve, point D is inside the curve, 
and point W Is outside the curve." Ask questions like, "Is point H on 
the curve? Is point G inside the curve? Is point W inside the curve? 
Point L? Point A?" If an answer is "No", ask pupils where the point is. 
Let them tell where other points are; for example, points S, T, and R. 
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Say, "The curve showing Speedy' s first path is a rectangle. One 
day Speedy* 5 path was different. It was like this." 




Mark some points on. Inside, and outside this curve. Ask questions like, 
"Is this point Inside the curve? Is this point outside the curve? Is 
this point on the curve?" Let pupils mark some points and tel I where 
they are. 

TOPIC III: LINE SEGMENTS: LINES: AND RAYS 
OBJECTIVES ; 

1. To introduce the notion of extending a line segment to a 
I Ine and to a ray. 

2. To extend the idea that the number of points on a line 
segment Is Infinite. 

VOCABULARY ; line segment, end-point, ray, line 

MATERIALS ; I piece of string (about 2 feet long); I brightly colored 
piece of paper; I piece of paper for each child; a flashlight; 
one 30- or 40-foot string; pupil page 30 
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Act i V I ty I ; (Oral) Line segments and end-polnxs 
Object Ives ; 

1. Children can draw a picture of a line segment. 

2. Children can identify a line segment as a special type of 
curve which happens to be straight. 

3. Children can Identify the points at either end of a line 
segment as endpoints. 

Materials ; a piece of string, I brightly colored piece of paper, I piece 

of paper for each child 
Teach inp Procedure ; 

Point to objects that have edges that are straight, such as tables, 
books, paper, and walls. Run your finger along the edges that are 
straight and say, "This is a straight edge." Hold a string stretched 
tightly between your hands and say, "This Is straight. We use a 
stretched siring to see if an edge is straight." Hold the stretched 
string along some edges to test their strai ghtness. 

Trace some of the straight edges on the board. Tell the pupils 
that when a straight edge is traced on the board, or on paper, "We drew 
a line segment ." Let a few of the ch 1 1 dren trace straight edges on the 
board and ask them what figure they have drawn. (Line segment) Test 
these for stra I ghtness with a stretched string. 

Ask the children to find some objects on their desks that have 
straight edges. Let them trace these on their papers. Ask them to say, 
"This is a I Ine segment." 
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Cut out a brightly colored piece of paper In a shape something like 
this, but larger. 




Put two dots on It as in the diagram. Ask the children to trace dif- 
ferent paths In order to go from A to B. The chi Idren may follow a 
path that touches the paper only on A and B. How many paths are there? 
(More than we could count) Which path is the most direct to get from 
A to 8? This direct path shows a special type of curve called a line 
segment. A line segment Is a set of points. It is the set of points 
that were marked as we moved from A to B. It also includes the points 
A and B. We sometimes show line segments like this; AB. One of the 
best ways to show a line segment Is to draw a picture of one using a ruler 
and a pencil and using dots at the end to show points A and B. Points 
A and 8 are cal led the end-points because the line segment ends at points 
A and B. 

Have the students fold a piece of paper to make a straight edge. Say, 
"I do not have a square corner* I have one straight edge/' Run your 
finger along the straight edge and ask, "What is this?" (A straight edge,) 
Trace the straight edge on the board and ask, "What have I drawn?" (A 
1 1 ne segment . ) 
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Ask, "Does the straight edge have corners?" Let the children talk 
about this. Try to get them to say that at each end of the paper straight 
edge there Is a corner and the corner has a tip. Hold the paper straight 
edge In position against the line segment, put your finger at one end of 
the straight edge, and ask, "Can I draw a picture of the tip of this cor- 
ner?" Draw this dot. 

Remove the paper and repeat for the other corner. Say, "I have drawn 
'a picture of the straight edge and a picture of each corner tip." Run 
your finger along the line segment and ask, "What Is this?" (A line seg- 
ment.) Point to each dot, say, "At this end of our line segment Is a 
." Get the children to -say the word "point". Repeat for 
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the other erra^ Say, "At each end of our line segment there Is a point." 

Repeat the above, tracing the edge of a book. Say, "When we draw a 
line segment It has a point at each end. These points have names. They 

are called ^ of 1 1 ne segments, (end-points) 

Let the children In turn,^ choose objects with straight edges and 
trace the edges on the board. Ask them what they have drawn. (Line seg- 
ments) Ask them what are the ends of their line segments. (End-points) 
Have them draw these points. 

Activity 2 ; (Oral) Other points on a line segment 
Ob.lective ; 

Children can mark many points on a line segment. 
Teaching Procedure ; 

Using the paper straight-edge you used In Activity I, draw a line 
segment on the board. Draw Its end-points. Say, 3S you point, "This 
line segment has two end-points, one here and one here." Holding the 
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paper in place on the board, fold It over to make a square corner. The 
chl Idren will see this: 




Point to the square corner and ask if it has a tip. Say, "I am drawing 
a picture of the tip. Draw the picture, making a dot that Is on the line 
segment. Ask, "What Is the dot?" (It is a picture of the tip of the 
square corner. It is a point.) "Is It on the line segment or off the 
line segment?" (On) "Is It one of the end-points of the line segment?" 
(No) 

Ask, "How many points have we ma/ked on the line segment?" (Three) 
Label the points A, B, C. "What can we say about point C? (It is 
between points A and B.) 

Unfold the square corner and ask, "Can I mark any more points on 
the line segment?" (Yes. Make a different square corner with the 
paper.) Fold the paper over to make a square corner at a different ^ 
place on the paper straight-edge. l^-^- 

Draw the picture of the tip of this corner. Say, "This dot gWes 
another point on the line segment. How many^ points have we marked on the 
line segment now?" (Four) Label the point D. What can you say about 
these points? "he figure could now look like this: 



Ask, "What can you say about point D? C? (Point D Is between A 
and C and also between A and B. Point C Is between D and B and also 
between A and B.) Ask, "Can you find any more points on the line seg- 
ment?" (Yes) Let the children draw several more points. Let them 
talk about how many points they could mark on the line. (More than we 
could count. ) 

Let the children discuss the idea of betweeness of the points 
they locate. They may even generalize that between any two points on 
the line segment another point may be found. 



Activity 3 : Extending a line segment to lines I Pup' I page ^0 

and rays 
Objectives : 

1. Children can indicate a ray by extending a line segment in 
one direction, shown by an arrowhead. 

2. Children can indicate a line by extending a line segment 

in both directions, shown by arrowheads at the extremities. 

3. Children can mark many points on a line. 

4. Children can indicate that there are more points on the 
line than can be marked or counted. 

Materials : I 30- or 40-foot string; I flashlight 
Teaching Procedure ; 

Draw a line segment on the board and name the two end-points. Use 
a book or similar object to trace the line segment. 
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Say, "This Is the line segment AB. It Is a curve. It has two end- 
points, A and B." j 

Ask, "Can you make a line segment longer than AB?" Help a child 
place a long straight-edge or a yardstrlck along the line segment AB 
like this: 

A BE 



Draw a line segment along the straight-edge to a point marked E, 



B 



Say, "We had the line segment AB. Now we have a new line segment AE. 
The line segment AB was extended to make the line segment AE." Ask, 
"Is the point B an end-point of line segment AE?" (No) Ask, "Is 
point B on line segment AE?" (Yes) 

As you hold the straight-edge as shown below, ask, "Can we draw a 
line segment longer than line segment AE?" (Yes) 



B 



Help a child draw line segment AF. 



A 



B 



E 
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Extend the line segment several more times, almost to the edge of the 
board. Let the pupils talk about each extension. Get them to say, 
"The board Is not long enough for any rodre extension. If the board were 
longer, the line segment could be extended on and on." Show this pos- 
sible extension by putting an arrowh^d on the right end of the segment. 
Guide the children to talk about ^t the arrowhead means. 



BE F 6 

0 



The line was extended in only one direction; the new figure formed 
by extending a line segment In one direction only is called a ra^; it 
has only one end-point. A ray is denoted by A^ where A is the end- 
point and B Is any other point on the extended line segment. 

At this point a flashlight can~be.AJsed to demonstrate the notion 
of a ray. Ask the students, "How is this flashlight (turned on) like a 
ray?" 

Let the pupils discuss whether the line segment can be extended to 
the left. Get them to decide that it can be extended to the left as far 
as they please. Let a child show this. (He should draw an arrowhead on 
the left end of the line.) 



A BE F G 
• • • 



Say things like, "We can Imagine the line segment is a magic string 
It can be stretched and stretched. The magic string is stretched to the 
tree outside and then to the rock and then on and on." 
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Say, as you point to line segment AB, "This figure is a line segment. 
We Imagine It extends on and on as far as we please 'in both directions. 
We drew arrowheads to show this." Point to line AG and say, "We call this 
figure a I Ine." 

Ask questions and make statements that get the pupils to say things 
like, "Points B and E are on the line. Point F is between points A and 
G. Point E Is to the left of point F." 

A line, which extends as far as we please in both directions, is 
named by giving^' two points on it. For example, the line AB is also 
named AE. It if the same line as I ine AF and line BG. We may also give 
It other names., 

/ 

Draw another line on the board as shown below. Mark pd^nts R and S. 



R 



Ask a pupil, "Qan you mark another point on the line RS?" Let him mark 
a point and naniie it with his own first initial. Ask, "Can another point 
be marked on line RS?" Let another pup,i I mark his point. Let several 
pupils mark poilnts. Guide them to say that every pupil in the class can 
mark a point. lAsk, "Could each of you mark two points?" (Yes) "Could 
all these poinis be different?" (Yes) (It may be necessary to say t^at 
the smaller th^ chal-k mark is made the better the point is shown.) Help 
i 
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the pupils understand that they can mark as many points as they please on 
the Una and then more. 

On the bo^rd, draw a line segment about a foot long. Take a 30- 
40-foot length of string. Tell the pupils you are going to show the exten- 
sion of the line segment. Hold a part of the string along the line seg- 

1 

ment with your hands at the end-points of the line segment. Then hold a 
longer part of the string along the line segment. Guide t>^^ children to 
say, "Y(|ur arms are not long enough." Ask two pupils to hold the string 
along the line segment, holding longer and longer parts between them. Let 
the chlfldren decide they could go on and on extending the line segment if 
the string were longer and longer. 

Ask the pupils to imagine a line segment made of magic rubber. Imagine 
two magic birds each taking an end-point in his beak and flying away for- 
ever In opposite directions. Let the pupils talk aboul^ the rubber stretch- 
Ing and stretching to show a line. 

Tell the pupils to look at pupil page 30. Tell them to hold a string 
aloni, line segment AB. Then let them imagine holding longer and longer 
parts of the string along AB. Tell them, "Imagine your string is very long. 
What will it show? (A line) How far would the line go?" Let the pupils 
use their Imaginations and talk about the line going on and on. 

Ask the pupils to place a small dot on the line LM. Tell them the 
dot represents a point. Then let them place another small dot on the line. 
Then another small dot. Ask, "If the dots were very small, how many could 
be put on the line?", The children may begin by saying "5", then "10" and 
then larger and larger numbers. Some child may finally say something like, 
"As many as I want and then more and more." This is. the Idea this activity 
should develop. 
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Summarize the differences between line segment, ray, and line. 
Ask, "How are a line segment, a ray, and a line alike? How would you 
show a line segment on a paper? A ray? A line? (Let the children 
draw them as you discuss.) "How is a line segment different from a 
ray? (Line segment has two end-points and a ray has only one.) A 
ray and a line? (A ray has one end-point but a 'ine has no end-points.) 
Additional Exercises: 

1. Draw a line on a sheet of paper. Label a point on the H^e 
E. How many rays do you see with E as an end-point? (Two) 




2. Draw a picture of a line on your paper. Let A be a point on 
the line. Choose a point on the line different from A and 
Cdll it B. Choose another point on the line different from A 
in a different direction from A and label it C. Name two rays 
with end-point A which are part of the line. 

* • t t » 

C. A B 

3, Label a point on your paper as W. Draw a ray on your paper 
with end-point W. Draw another ray on your paper with end- 
point W. Draw two more rays on your paper with end -point W. 
How many rays can be drawn with W as end-point? (More than 
we can count. ) 
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4. On your paper draw ray VW. What Is its end-point? How many 
rays are there with end-point V and containing point W? (only 
one) 



W 



TOPIC IVi PU 
OBJECTIVE; 

To Introduce the Idea of plane region and polygonal region. 
VOCABULARY ; plane region, rectangle, circle, triangle, curve 
MATERIALS ; one crayon and one piece of paper for each child; one piece of 
string; one foot piece of string for each child; one circular piece 
of cardboard; one rectangular piece of cardboard, one box, pupil 
page 31 

Activity I ; Flat surfaces or planes 
Objectives ; 

1. Children can identify, objects which represent part of a plane. 

2. Children can Indicate that a plane contains more points and 
more lines than can be counted. 

3. Given a representation of a plane, children can show rays that 
are on the plane and that are not cn the plane. 

Materials ; one crayon and one piece of paper for each child 
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Teaching Procedure ; 

Ask the pupils to find some flat surfaces In the classroom* (desk 
top, floor, chalkboard, windowpane, wall, side of a book, etc.) "Do you 
know the name for the set of points suggested by a flat surface?" (A 
plane) The floor, the desk top, the sheet of paper, all represent part 
of a plane ; they help you think of a part of a plane. 

Place a tip of a pencil on the top of the desk. Next put it on a 
different place. Ask the students "How many points do you think there 
are on the flat top of this desk? (More than we can count) How many 
do you think there are in a plane?" 

Have the students draw a triangle, circle, or rectangle on a sheet 
of paper. Have them trace the figure with a colored crayon and have them 
color the inside of the figure with the same color. Ask, "Does this 
colored figure help us think of a part of a plane? (Yes) Have the 
students draw a larger figure that encloses the colored region. Have 
the students color this region with the same color. Does this new 
colored region hw.p ycu think of a part of a plane? (Yes) Have the 
students enclose the region witi) another figure, and another, each time 
coloring the new region. After they have done this several times, ask, 
"Can you draw a picture of a whole plane?" (No, a plane extends on and 
on without end. ) 

The students' figures might look like this; 
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^'"Just as we think of a line containing more and more line segments, 
so shall- we think of a whole plane as containing larger and larger flat^ 
surfaces. Imagine that your desk top is stretching and getting longer 
and longer and wider and wider. If you put a pencil on your desk, it 
could now roll as far as you wished in any direction." 

"Often we shall use a sheet of • paper on the desk to help us think 
of a part of a plane.. Draw a line on your sheet of paper. Can we draw 
two lines? (Yes) More lines? (Yes) How many lines? (More than we can 
count) 

Have a student draw a ray on his sheet of paper. Have him describe 
a ray that is not on this plane. Have the students describe a ray whose 
endpoint is on the plane, bu1 not the rest of the ray. (A pencil with tip 
on the sheet of paper and perpendicular to the plane of the paper. It 
can also be at any angle to the paper. Answers will vary.) Have ths stu- 
dents describe a ray whose ond-point is not on the plane. Ask, "is the 
ray on the plane?" (No) Ask, "If the end-point of a ray and one other 
point are on the plane, must the ray be on the plane?" (Yes) Let the 
students discuss this. 
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Activity 2 : Learning about regions 
Object i ves : 

1, Children can identify curves, closed curves, and plane regions. 

2. Children can mark points inside, outside, and on plane 
f i gures. 

Materials : one piece of string, a one foot piece of string for each 
child, one circular piece of cer^board, one rectangular piece 
of cardboard, one box 
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Teaching Procedure : 

Draw a circle on the board. Mark points Inside, outside, and on the 
circle. Ask questions like this about each point: "Is this point in- 
side the circle, outside the circle, or on the circle?" Run your finger 
along the circle and say, "This is a curve." Mark other points and let 
the pupils tell about their locations. Let pupils mark points and tell 
where they are. 

Say, "A circle Is a closed curve. A closed curve starts and ends 
at the same point. An ant like Speedy can start at any point, fDove along 
the path shown by the curve and he wil I return to the point where he started. 
Ask, "Is a rectangle a closed curve? Can an ant move along the path shown 
by the rectangle and return to his starting point?" (Yes. A rectangle Is 
a closed curve. ) 

Ask, "Is a triangle a closed curve?" (Yes) "Is a line segment a 
picture of a path?" (Yes) "Is a line segment a curve?" (Yes) 

Note: The children may need to talk about these last two questions. 
Guide them to call a path a curve. A path may be straight or It may not 
be straight. If a path Is straight. It is a line segment. Some people 
speak of "straight lines" and "curved lines". In later work In mathe- 
matics this leads to confusion. In this book, all lines are straight. 
What some people call "curved lines", we call "curves". 

Draw a curve like this c "j the board: 




J» 



Ask, "Is this a curve?" (Yes) "Is It a closed curve?" (No) "Why?" 
(Wo cannot follow the path and come back to the point where we started.) 
Draw a line segment on the board. Ask, "Is this a curve?" (Yes) 
Hold up a piece of string so that it is not straight. Ask, '"roes 
this show a curve?" (Yes) "Does the curve have end-points?" (Yes) 
Get a child to show the end-points. Tighten the string +o show a line 
segment. Let the children use the string to show many different curves.* 
Guide them to say that the string shows a curve in any position they 
put it. 

Let each pupil put a piece of string about one foot long on his 
desk to show a curve. Walk about the room to give help as needed. Ask 
the pupils to stretch their strings to show curves which are straight. 
Let them say, "The strings show line segments." 

Tell the pupils to tie the ends of their strings together. You do 
the same with a string. Ask, "Does each string with ends tied together 
show a curve?" (Yes) "What do we call such a curve?" (Clo ad curve) 
Let the children show many closed cui^ves with their string loops. Guide 
them to form rectangles, triangles, and circles. Two children may work 
together when more fingers are needed to hold the string. Let some pupils 
show the c.ass the figures they made. 
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Vary the whole group activity by allowing two pupils to demonstrate form- 
ing closed curves to the class. A flannel board, yarn, and p'lns may be 
used. This Is an appropriate activity for students who need successful 
experiences. 

Note; Only closed curves which do not intersect themselves are 
discussed with the children. If a child forms a closed curve like the 
numieral 8 (or § ), just say, "These are closed curves, but not simple 
ones." Do not emphasize this type of closed curve. 

Say, *'Do you remember Speedy, our ant friend? Speedy's paths were 
in a flat field. The board is flat." Point to a curve on the board. 
"This curve is on a flat board. A circle is a curve on something flat. 
A rectangle is a curve on something flat." 

Go on. "A rectangle is a closed curve on a flat surface. It has 
an inside. The inside of a rectangle is flat and is called a plane 
region." Place your hand on the inside of the rectangle as you say 
this. "The inside of a circle is also a plane region." Place your 
hand on the inside of the circle as you say this. 

Hold up a rectangular piece of cardboard. Say, "This shows a 
plane region. It is the plane region of a rectangle." Pass your fingers 
over the face of the figure as you say "region". Trace the edge of the 
cardboard with your finger as you say "rectangle". 

Hold up a circular piece of cardboard. Say, "This shows a plane 
region. It is the plane region of a circle." Run your fingers over the 
face of the cardboard as you say this. 
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Hold up a box. Say, "The sidj of the box Is a plane region." Let 
the children show plane regions orj' objects In the ofassroom. 

Tell the children to look at pupil page 31/ Let them talk about 
the closed curves they see and the curves that are not closed. Ask 
the pupils to name the curves. Note that some curves are named by a 
single letter. We wl 1 1 use small dots to show points. Say, "Think of 
these dots as very small. Place a dot on liofnt A. Show B by placing 
a dot on point B. Show a point on the line segment BC. Show a point 
Inside the circle D. Show a point on the curve EF." Tel I the pupi Is 
to show other points on. Inside, and outside each curve. Say, "Show 
a point inside curve EF." If there is some hesitation, ask, quest ions 
like, "Can»t you find an Inside? Is EF a closed curve?" Guide the chil- 
dren to say such things as, "EF has no inside." Or "EF is not a closed 



curve." 



Ask the pupils to run a hand over the inside of the triangle, over 
the inside of curve G, and along curve G. Get them to show plane regions 
In the drawings. 

y^pm V; Af |fi|F<^ /v|ip i^itfr?;ecti0NS 

OBJECTIVES ; 

1. To introduce the idea of angle. 

2. To Introduce the idea of intersection of lines and planes 
with lines. 

VOCABULARY ; angle; vertex; intersection (of paths, curves, and 
;!ne segments); arrowheads 



c|fion 

C 
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MATERIALS : Two pieces of paper for each child; a one foot string for 
each child; some small seeds or beans for each child; a straight 
edge (yardstick); two large pieces of cardboard; a ruler for 
each child; pupil pages 32 - 35 

Activity I ; (Oral) Angles 
Objectives ; 

\. Children can Identify an angle. 

2* \ Children can Identify the vertex of the angle. 

3* (^Children can draw a picture of an angle. 
Mater la ts : one piece of paper for each child 
Teaching Procedure : 

Several representations of angles by various objects in the class- 
room may ba pointed out to the children. The parts of the angles can be 
mentioned. The teacher may begin by asking the following questions while 
the children do the work at their seats. "Mark a point P on your paper. 
Draw a ray with end-point at P and mark another point on the r^jy and 
label It Q. Now, draw a second ray with end-point at P. (See that the 
•children do not draw it on the line PQ* If It were, this would put both 
rays on the same line and an angle, as we have defined It, would not be 
formed.) Mark a point on this new ray R. Your figure should look 
something I Ike this." 
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"This figure represents an angle . We can say that an angle Is the 
union of two rays that have a common end-point and not on the same 
line. We called P the vertex of the angle. It Is the end-point of both 
rays . " 

"If we draw these two rays like this, do we form an angle? Why?" 




(No, an angle Is not formed because the two rays do not have a common 
end-point.) 



"Is this figure an angle?" 




(No, this figure is not an angle because it contains two rays and a line 
segment and an angle Is the union of two rays.) 

Have the students look around the room and point out objects that 
represent angles such as the two walls that meet to form an angle or 
the two edges of the student's desk that meet at a corner. Ask, "What 
represents the vertex of the angle?" (The corner where the edges meet.) 
"What represents the rays of the angle?" (The edges of the desk.) "Why 
Is only part of an angle represented by the two edges meeting at the 
corner of the desk?" (The rays extend without ending, but the edges of 
the desk do end.) 
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Draw this figure on the board and .have students answer questions 
about it. 




Ray PQ and ray PR are subsets of different lines. DcJes 'their 
union for'^i an angle? (Yes) **Why? (The rays have common end-point P 
and are not on the same line.) Does the union of ray PR and ray PS form 
an angle? (No., Ray PR and ray PS have a common end-point, but they are 
on the same I ine. ) • 

Ask, "If ray AB and ray BC are subsets of two different lines, is 
their union an angle? Why?" Have the students draw a figure like the 



following to help them answer the question 




(No, because the rays do not have a common end-point.) Point ou.t to 
the students that in our notation for rays the first letter mentioned 
always corresponds to the end-point. 

Allow time for drill in the new vocabulary and notation by having 
the students draw the fo I lowing: / 

1. Draw an angle. Label the vertex A. 

2. Draw an angle and label the angle PQR. What is the label 
for the vertex? (Q) 

3. Draw an angle by drawing rays MN and Ni' . 
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4» Draw an angle. Label Its sides PS and PR. 
5. Draw two angles with a common vertex. How many angles do 
you see? (Answers may vary) 





The two angles were CQB 
and CQA. We also see the 
angle AQB. 



The two angles were AQESif 
and ROS. We see here 6 
angles: AQB, AQS, AQR', 
BQS, BQR, SOR 



There are other possibilities. --If AQ and QS were on the sama line, 
then AQS Is not an angle. Depending upon the two angles cnosen, the 
number of angles exhibited may be 3, 4, 5, or 6. 

6. .Draw four angles with a common vertex. -^'^ 

Answers may vary. The "simplest" possible answer is: 




(Angles EAB, BAG, CAD, DAE) 
Another answer: 




(Angles BAG, DAE, FAG, HAJ ) 
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Activity 2 ; Intersections of paths, curves, and 

I ine segments 
Objective : 

Children can identify the point of intersection of two 
I ine segments. 
Teach inc3 Procedure : 

In telling the following story, you may wish to substitute names of 
children in the class and names of streets on which they live to build 
Interest. 

"Bill was walking along Hammett Road from his home to a park. He 
met his friend Peter, who was walking along Find ley Road." While you 
are telling the story, draw the picture below on the board. 




Bill's home 





Haimnett Road 




a 

school 



Flndley Road 



park 



Iff 



What are you doing here on Flndley Road?* asked Bill. 'You are wrong. 
Bill,' said Peter. 'We are on Hammett Road,' They talked and talked. 
Bill said they were on Flndley Road and Peter said they were on Hammett 
Road . " 
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Ask the class, "Which boy was r'ght?" Let the pupils talk about 
the question. If no child says, "They both were right," ask a child 
to come to the board. Get him to put his finger at the point in the 
picture where the boys met. Ask which road they were on. The pupil 
will say that the boys were on Find ley Road and Hammett Road at the 
same time. Say, "The place where they met is common to both roads. 
It is the place where the roads intersect." 

Say, "Let us show the roads with line segments. Where is the 
place the boys met?" Draw a picture like this: 





Find ley 


Road 


Q 








Hammett 


Road 




/ 





Let a pupil mark the point where the line segments intersect, say 
Q. Ask, "On which line segment is point Q?" (Both) Say, "The line 
segments have the point Q in common. Q is the Intersection of the line 
segments. If two line segments have a point in common, they intersect 
.at that point." Ask questions and let the pupils talk of these Some 
Ideas in their own words. 

Mark two points on the board about one foot apart. Ask, "Can you 
draw a line segment that has these two points as end-points?" Let the 
children decide they can. Give a child a straight edge to use, and 
let him draw the line. Let another child name the line segment, say M, 



Mark two other points on the board like this: 

A B 

Ask, "Can we draw a line segment with these two points as end-points?" 
Give a child the straight-edge and let him draw the line segment and 
name it, say PFT. (.Note that these two line segments intersect.) 

Draw two other line segments which do not intersect. The board 
will look I i ke thi s: 

N 




Get the pupils to talk about the two pairs of line segments. Get them 
to say that line segments ML and RS do not intersect and line segments AB 
and PN do intersect. Ask a pupil to point to the place where the line 
segments AB and PN intersect. Ask another pupil to mark the point and 
name the point, say K. 

N 
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Guide the pupils to say, "Point K Is on line segment AB. Point K Is on 
line segment PN. Line segment AB Intersects line segment PN. Point K 
Is common to both line segments. K is the point of Intersection of the 
line segments." 

Let a child draw another line segment on the board. Ask another 
child to draw a second line segment that intersects the first. Ask, "Do 
thes3 two line segments Intersect?" (Yes) Let one of the children mark 
and name the point where the two line segments Intersect, say J. Say, 
"These are Intersecting line segments." 

Le1 another child name the end-points of the intersecting line seg- 
ments, say m and XY. Let the children te I I all the marked points on each 
of the two line segments. Guide them to say that J is a point on MH and 
a I SO on XY • 

Tell the pupils to turn to page 32 in their books. Ask a child to 
give the names of two i nf.rsoct ing line segments.. Let the other chil- 
dren talk about the line segments named and decide whether they do inter- 
sect. Get them to fin o+her intersecting line segments. Ask for the 
names of two line segments that do not intersect. Ask a child for the 
names of the points marked on M; on 1!^; on and so on. Each answer 
should be talked about; the children should decide whether it is correct 

and why or why not. 

Ask, "If WX Is extended, will it intersect line segment SV? How 
can we decide?" Guide a child to suggest holding a string along line 
segment WX. Ask the pupils to talk about this and decide whether the 
line segments intersect. Continue with similar questions. 
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Activity 3 ; Points, lines, and intersections 



Pupi I page 33 



Objective : 



Children can find and mark points of intersection. 



Mater ia I s : a one-foot string for each child; small s^eds or beans for 

each ch i I d 
Teaching Procedure : 

Ask a child to draw a picture of a line on the board. The picture 
you hope the child will draw Is like this: 



If he does not draw the arrowheads, ask, "Does the line keep going to 
the right? How do you show the line keeps going to the right?*' Ask 
similar questions about extending the line to the left. Let a child 
draw two points on the line and name them A and B. Say, "The line 
goes through the points A and B." 

Draw two more points, C and D, which the line does not go through. 
The board may look like this: 



C 

Ask a child to draw a line through the points C and D. If needed, ask 
questions like, "Is there a line segment with C and D as end-points?" 



# 




(Yes) "Can the line segment be extended to a line?" (Yes) 




C 

Ask, "What can we say about these two lines?" If no pupil says something 
like "They cross", or "They have a point in common", ask "Do they have a 
point In. common? Why?" Let a child show the point where the lines inter- 
sect and name it. 




Ask a child to show, line AB with u string. Get him to hold the 
string along the line AB. Ask another child If the string shows the 
line AB. Ask another child If the line stops at B? At "he end of the 
arrow? At the place the string Is hold? Get the children to say the 

line goes on and on. 

Let another child show the line CD with a string. Ask another 
child to place his fingers at the point where the lines intersect. Ask 
what the two strings show. Guide the children to say something like, 
"The strings show two lines. The lines intersect." 

Give each child a piece of string about one foot long and some 
small seeds. Tell the children to turn to pupil page 33. Ask, "What 
geometric objects are d^m...m +his page?" (Points) "How many points 
are marked?" (16) "Do the points have names?" (Yes, A, B, C, to P) 
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The list of directions and questions that follows will help the 
children to think about points, lines, and Intersections. You will 
think of others. 

Stretch a piece of string to show the line that points B and 0 
are on. 

Are any of the other polnls on the line? (No) 
Stretch a piece of string to show the line that points B and G 
are on. 

Are any of the other points on the line? (No) 

Find other pairs of points that are on lines. Let the children 

say which pairs of points they think lie along lines. (All 

pairs) 

Is point K on the same line as points M and G? (No) 

Is point K on the same line as points D and P? (Yes) 

Is po'nt I on the same line as points F and 0? (No) 

Is point 0 on the same line as points G and K? (No) 

Is point B on the same line as points H and D? (Yes) 

Can you stretch the piece of string along the line that has five 

points drawn on it? (A, E, F, K, and N)' 
How many lines can you find' on the page that have exactly three 

of the points on them? (Three: DP; IP; HB) 
Find a point that is on the same line that point B is on.' (There 

are 1 5 such I i nes. ) 
Place a seed so that It wi I I lie along the same line as points 

M and D. 
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Find a line that has the points D and M on It. Find the line 
that has the points F and G on It. Can you place a seed 
at the point where these two lines Intersect? (Give chil- 
dren help If they need it. They must Imagine where these 
two lines intersect. Let them guess where the point Is 
first. Then they can test by stretching two pieces of 
string between the proper points.) Let the children prac- 
tice finding the intersection of lines on the page. Let 
the children work In pairs, one holding his string along 
the line DM, the other along the line FG, 

Activity 4 : (Oral) Many lines through one point; only one tine 

through two points 
Objectives ; 

1. Children can mark many lines through a given point. 

2. Children can mark only one line through two given points. 
Materials ; a straight edge; 2 large pteces of cardboard 

Teaching Procedure ; 

Mark a point on the board. Ask whether a line can be drawn through 
the point. Let the children talk about this andjet, one of them come 
to the board and draw a line. Let another <^ld help him hold the 
straight edge up to the board. 
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Ask, "Did he draw a line through the point?" , "Can another line be 
drawn through the point?" Let the children talk about this.' Get another 
child to draw a second line through the point. 



Ask, "Can a third line be drawn through the point? a fourth?" Con-* 

tinue as before, with children deciding that another and still another 

line can be drawn through the point. Let them draw many lines through 
the point. . 



Ask, "How many lines have you drawn through' the point? Can more 
lines be drawn through the point?" Get the children to say that many, 
many lines can be drawn through the point. 

Let a child draw two points on the board. Ask, "Can you draw a 
line that goes through both of these points?" Let the children talk 
about this and let one of them draw the line. Let him choose some one to 
hojd the straight edge up to the board. 
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Ask, "Can you draw another line through these two points?" Let 
the children try. Guide them to discover that only one line can be 
drawn through two points. Get other children to stretch a string through 
both of these points, extending It to the edges of the board, then stretch- 
ing It to the walls. Point agiln to the two points, and ask, "How many 
lines can we draw through these two points?" (Only one) 




Mark a point on the board. Help a child to draw a line through 
the point extending from one side of t^>e->board to the other. (Do not 
draw a horizontal line.) The d I agram^jis^-ow Is the picture of an entire-, 
section of board. 




Quickly erase the left part of the line. Leave the arrowhead. Erase 
the rest of the line except for the original point and the other arrow- 
head. Cover the two arrowheads with pieces of cardboard. Leave only 
the original point for the children to see. Erase the Jlne well so that 
children cannot see where It was drawn. 



/ 
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Say, "The line !s erased but the point Is still there. Will --ome- 
one put the line back?" Let a child try to redraw the line. Be sure 
he cannot see the arrowheads under the cardbr>ards. Ask, "Is this new 
line in the place where the erased line was?" If they do not agree, let 
them draw lines where they th'nk the erased line was. 

Remove the cardboards to let the children see whether the rubbed- 
out line has been replaced. Repeat this exercise several times. Get 
the children to see that it is difficult to redraw an erased line when 
only one point is known. They may say that if they could see one. of the 
arrowheads they could put the line back. 

Change the activity. This time mark two points on the board in- 
stead of one. Again let a child draw a line through the points and 
mark arrowheads at the ends. Again erase the I une except for the 
arrowheads and the two points. Cover the arrowheads with large pieces 
of cardboard. Then ask the same- quest Ion, "Can someone put the tine 
back?" Get the children to see that it is easy to put the line back, 
because now they see two points that were on the line. Only one line 



can be drawn through two points. 

Let a child draw a line on the board. Get another child to draw 
two points on it, say A, B. Ask still another child to mark two other 
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oints on this line, say P and Q, one near one arrow, the other near 



.the other arrow. 




P 



A 



B 



Q 




Ask a fourth child to take a string and show the line through P and 

Ask, "Does the line through P and 0 go through A and B? Is the 
line through P and 0 the same as the line through A and B? (Yes)' "I'S ' 
the line through P and B the same as the line through A and Q?" (Yes) 
Repeat this exercise with other lines and points on the Klnes. 

The children should understand that through any two points of a 
particular line only that line can be drawn. The children may not be 
able to say this In words. You try to help them understand the Ideas. 



Activity 5 ; Intersection of line segments [ Pupil page IT] 

Oblective ; 

Children can mark points of Intersection of line segments. 

Teaching Procedure ; 

Note: Block letters of the afphabet exhibit geometric figures. 
All of the letters except "C", "U", -S", and "0" contain at least one 
line segment. Many types of intersection of line segments are shown in 
these letters. For example, the letter "X" shows two line segments 
that Intersect at a point that is not an end-point. The letter "L" 
shows two line segments which intersect at an end-point. The letter "T" 
shows two line segments intersecting at a point that is an end-point 
of one line segment and not an end-point of the other line segment. 

Tell the pupils to turn to page 34 In their books. Ask, "Do you 
see any line segments on this page?" Remember that the edge of the 
page shows line segments and that the rectangles In which letters are 
contained also show line segments.' Let the pupils talk about the letters 



and whether line segments make the letters. Let them also talk about 

the right angles shown by some of the letters and about the Intersect- 

tlonL of the line segments to form letters. 

Let the pupils count the number of line segments in each of the 

letters. Let them tell which letters use at least one, two, three, and 

four line segments. Let them place' dots ^at :the points of Intersection. 

Let them talk of the different ways the line segments intersect. 

Help them recall that if two line segments have a point In common they - 

intersect at that point. For example, A and D are points of intersection 

B 






of three l<ine segrtients; two line segments intersect at B and at C. 
(A may also be seen as the Intersection of four segments.) 

4 

Activity 6 : C I rc I es 
Obj'ecti ve ; 

Children can draw a picture of a circle by marking and con- 
nectlng a series of points the same distance from a given 
point. 

Materia Is ; one piece of paper for each child; a ruler for each child 
Teaching Procedure : ^ 

Have the children mark a point on their paper and label it C. Mark 
afiother point two Inches from point C. Have them mark many other points 
that are two Inches from C. Be sure that the points are marked in'all 
directions from C. Ask the children to draw a closed curve suggested by 
the set of points marked. Point C Is not used. 
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Now have the children find some more points that are two inches from 
/point C. Where are these new points located.? Does this special closed 
curve have a special name? -(Yes) The name of this curve Is circle. 

Have the children draw other circles by having them mark a po'int 
D on their paper and finding many points one Inch from D; then another 
point E and finding many points one and a half inches from E, etc. 



Activity 7 ; Intersection of curves and line seg- 
ments 



Pupil page 35 



Objective ; 



Children can identify points of intersection of plane 



figures. 
Teaching Procedure ; 

Draw a circle and 



ne segment that intersect like this: 
C ^ ^ 




Let a pupil name, the line segment, say ND, and the circle, say C. (You 
may need to say that the circle may be named with a single letter.) Let 
the pupils talk about the figure. Get them to say that there are two 
points that are common to both the circle and the line segment. Let a 
pupil name them, say Q and P. 




\ 
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Ask questions like, "Do the circle and the line segment intersect?'' 
(Yes) "Why do you say they intersect?" (The line segment and circle 
intersect because a point on the line segment is also a point on the 
circle.) "Where do they intersect?" Help th^em to trace along the 
circle and line segment and name both point P and point Q. 

Make figures on the board like the following ones, and talk about 
them in a similar way. 




Points A, V, K, D, F, X, Y, and Z are. all points of Intersection* 
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• Let the pupils look at page 35. Ask questions like, "Do you see 
a circle that Intersects a line segment?" (Pictures I, 3, 6, and 8) 
"In which pictures are there circles that Intersect circles?" (5) 
Let the pupils ask each other questions. Make sure the Intersection 
shown In each picture Is discussed. 

Get the pupils to place dots on the points where a circle Inter- 
sects a triangle. Ask, "What does picture 7 show? Which picture 
shows a triangle Intersecting a square?" (None) 

jnPIC VI: PF^/^PW ANBLFS. TRIANGLE S^ AND POLYGONS 
OBJECTIVES ; 

1. To explore the Idea of angles and of triangles, 

2. To Introduce the Idea of plane regions and polygonal regions, 

3. To develop the understanding that a polygon Is a simple 
closed curve that Is the union of line segments, 

VOCABULARY ; angle, vertex, vetlces. Joining two points, congruent 
angles 

MATERIALS ; pencils or several sticks to make demonstration models of 
a triangle; three pencils or sticks for each two children; pupil 
pages 36 - 38 



Activity I ; (Oral) Review of angles and of [ Pup 1 1 pages 33, 

triangles 
Objectives ; 

1. Children can Identify, name, and mark angles and triangles. 

2. Children can Identify and name the angles determined by a 
triangle. 



3. Children can draw representations of the rays of the angles 
determined by a triangle. 
Materials ; three pencils or sticks for each two children 
Teaching Procedure ; 

Hold up a book. Run two of your fingers along the two edges that 
show an angle. Let your fingers meet at the corner. Ask, "What do 
these two edges show?" You might get several answers, such as two rays, 
edges of the book, a corner, and an angle. Agree with these answers, tf 
some child says, "An angle", ask a child to draw a picture of the angle on 
the board. If no child says angle, ask a child to draw a picture of the 
corner of a book on the board. 

Ask questions to get children to name the end-points of the two 
line segments that make the figure. The, picture may look like this; 



Let the children talk about the figure. Get them to say things like; 
PN Is a line segment; NR Is a line segment; the Une segments Inter- 
sect; the point N Is on both line segments. Point out that the line 
segments NP and NR might be extended to rays. Indicate the rays by 
arrows, as In the picture; Remind the children that this is an 
yngle. It Is made from two rays that have the same end-potnt and 
are not on the same line. Pol nt N Is ca I led the vertex. Let them 
continue to talk about the figure. Guide them to say things like; 
the two rays form an angle; the angle Is named angle PNR or angle 
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RNP; the point N Is the vertex of the angle. Two tine segments meeting 
at a common end-point Indicate an angle formed by extending the line 
segments to rays. 

Mark three points on the board. Say, "Who will marK an angle using 
these thee points?" If no child volunteers, choose a child to draw a 
ray through two of the points. Let another child name the points. Ask 
a third child to draw a ray through two different points. The rays may 
form a figure like this. 



B 




Get- the children to agree that: the figure Is an angle; It Is formed 
by rays BA and BC; Vhe rays Intersect at point B; point B Is called the 

vertex. 1 

Mark threi^po^ts In positions similar to A, B, and C at a dif- 
ferent part of the board. (Be sure the points are so- arranged that the 
angles foimed wl II be congr'4ent.) Say, "Here are three other points 
like A, B, and C." Ask, "Can we draw an angle using these three points?" 



P 
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Let a child do co. If he draws angle PQR, say "John has drawn an angle 
using P, Q, and R. It looks Hke angle ABC which we Just drew. Can a 
different angle be drawn using P, Q, and R?" Then rub out the picture 
of the angle Just drawn. With the same thre points get the children to 




Say, "When we draw a line segment with two points as end-points, we 
say we join the two points or connect the two points." Let a child say 
things like, "Points P and Q are Joined by the line segment PQ." 

Draw three more points in positions similar to A, B, and C at 
another part of the board. Say, "We have made two angles by Joining 
points; can we draw a third?" Get a child to name the points, say 
D, E, F. V 
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Ask the pupl Is to name the vertex of each angle. (B, P, E) Then ask 
them to name the angles on the board. As they give their answers, 
review the idea of naming the vertex between the other points. (ABC or 
CBA, OPR or RPQ, DEF or FED) 

Draw three more points like A, B, C. Let children draw all three 
line segments to form a triangle. The board will now include this 
figure: 




Let the children talk about the triangle. Let them say things like; the 
triangle has three sides; the sides are line segments; the triangle is 
a closed curve. 

Ask the pupils to turn to pupl I page 36 and to look at the points 
labeled A, B, and C. Say the following: 

1. Draw AB, AC, BC, BA, CB, CA. 

2. Does your drawing look something like this? (Draw this figure 
on the board . ) 
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3. Writa In the blanks the words that comp lete these sentences. 

a) Line segments AB, AC, and BC form a ( triangle ) . 

b) The ?ngle with vertex A which contains B and C Is 
called ( BAG or CAB ). 

c) The angle with vertex B which contains A and C Is called 
( ABC or CB A) . 

d) The angle with vertex C which contains A and B Is called 
( ACB or BCA ) . 

4. Mark a point of ray AB which is not a point of line segment AB. 
Label It D. 

5. Mark a point of ray BA which Is not a point of line segment AB. 
Label it E. 




7. Are D, E, and F points of the rays of the angles you named on 
your paper? (Yes) 



8. a) Are D, E, and F points of the triangle? (No) 

b) Are D, E, and F points of the Inside the triangle? (No) 

c) Are D, E, and F points outside the .triangle? (Yes) 



118 



1?& 



Say, "Our figure shows that a triangle suggests or determines three 
angles. These' angles are not part of the triangle. This is true because 
a triangle Is made up of segments and an angle is made up of rays. 

"Remember when .y*e studied circles we spoke of the center of a circle. 
The center Is not part of the circle. In the same way we say angles ABC, 
BCA, and CAB are angles of •the triangle although they are not part of the 
triangle. We call the vertlc&s of these angles the vertices of the tri- 
angle." 

9. Draw a triangle on the bottom of your page. Label its vertices 

E, A, T. j 

a) Wrj^te, the names of the three ang les de.termi ned' by the 
triangle in the blanks at the bottom of the page. 
(EAT, TEA, and ATE) 

b) The three angles of a triangle suggest how many ray^? (6) 
Let the children draw other triangles and n^sme the angles. The ver- 
tices may be named P, Q, and R, or L, N, and D. 

Look at page 33 again. Ask them to Join points 0, N and C with 
pencil lines. Say., "What Is the name of the figure you have drawn?" 
(triangle) Ask children to join the following sets of points: J, F, 
and H; M, G, and C; and A, E, and N. The last three points lie on the 
same line; so the drawing will not show a triangle. Let the children 
discover this for themselves and tell about it. 

Additional Exercises on Triangles and Triangular Regions 

The exercises on page 37 can be used to help the students explore 
the properties of triangles further and to strengthen their vocabulary 
of geometric terms. 
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Activity 2 ; Drawing of four-sided figures 



Pup I I page 38 



(quadrilaterals) 
Objectives ; 

1. Children can Identify the vertices of four-sided figures. 

2. Given the vertices, children can draw a picture of a 



Teaching Procedure : 

Te++-^hls story: "Babar was a 1 1 ttFe^Tfefthant with big ears who 



flapped his ears and ran straight to a waterhole. After drinking, he 
was hungry. He ran directly to a field of fresh grass. As he was 
'eating, he heard a boy crying. 'What Is the matter, little boy?* asked 
Babar. 'Boo, hoo', cried the little boy. 'I have been walking and 
walking and cannot find my way home.' 'Never mind', said Babar. 'You 
hop on my back and we will see what we can do.' The boy hopped on Babar's 
back. Babar flapped his ears. Before the little boy knew It, they 
reached his home. The boy's mother was very happy. She gave Babar 
three bunches of bananas, four coconuts, and five loads of grass. Babar 
ran happily straight to his home by the tree." 

As you tell the story, draw a picture of Babar's path from the 
tree T, to the waterhole W, to the grassy field G, to the boy's home, H, 
and back to Babar's home by the tree T. 




lived In the shade of a tall tree. One morning he awakened early and • 




Ask questions like, "What geometric f Igura_dfi©8^Babar»s path show?" 
(4-sIded figure) "How many line segments ^re there?" (at least 4) 
"What are the names of the line segments? How many angles are suggested 
by the figure?" h) "T Is the vertex of what suggested angle?" (An^HTW) 
Say, "T Is also called a vertex of the 4-sIded figure TWGH." 

. Let a child draw 4 other points on the board. Ask another^hj^ld^J^ 
name them A, B, C, and D. Let another chl Id draw a 4-slded flg^ireusing 
these points as vertices. 

Note: If someone connects the points as shown, 

A 




tell them that even though these are very I nterest I ng,^ we w^nst to "save 

I 

some things for high school."^ We consider only four-sided f/gures which 
do not intersect themselves. Likewise, we do not cons i^ ^ur-si ded 
figures with any three of the points on a line. 

Let them look at pupil page 38. Ask the children to draw a four- 
sided figure using points A, B, C, andfJ^s vertices. Then ask them to 
draw a four-sided figure using points P, 0/^ and S as vertices. 
Children will see that these points can be joined to form several different 
fouf^^MtJed figures by observing the work of others, in section 3, ask 
pupils to draw a different figure using the same vertices as were used 
for section 2. Their drawings may resemble those below: 
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UNIT 6 
Fractions 

OBJECTIVES ; 

1. To review the meaning of the fractions one-half, one-fourth, 
one-eighth, one-third, and one-sixth. 

2. To extend the concept of fractions to include one-fifth, 
one-tenth, and one-twelfth and to learn their names and 
numera Is. 

3. TOj introduce order of fractions and to compare pairs of 
fractions that are not equal; one fraction may have many 
names. 

.'111111 

4. To Introduce multiples of the fractions 2» 3* 4* 6* 8* 5* 

10' 12* 

5. To help students discover that if both the numerator and de- 
f. nominator for a fraction are multiplied by the same number, 

the result Is another name for the same number. 
BACKGROUND INFORMATION FOR TEACHERS ; 

We use the whole numbers 0, I, 2, 3, 4 . . . when we talk about the 
number of members In a set. But often we want to talk about parts of 
objects or about separating sets Into subsets of the same size. When we 
talk about parts of objects or parts of sets or regions, we use another 
kind of number. These numbers are called fractions. 

If we cut an orange Into three parts of the same size, we say we 
have separated It Into thirds. If we consider two of the three parts, we 
are thinking of two-thirds of the orange. If we think of a rectangular 
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region separated into three congruent parts, then two of the parts are 
two-thirds of the rectangular region. If we have a set of three balls, 
then the number of members in the subset of two bails !s two-thirds of 
the number of the members of the set. The fraction two-thirds is a number 
that describes all such parts of a whole which are two of three parts of 
the same size. 

Fractions have numerals (names). The usual numeral for a fraction 

uses a pair of numerals. For example, for the fraction two-thirds we' 

2 

•nay use the symbol j. The "3" means that we have three parts of the same 

size; the "2" means that we are thinking of two of the parts. 

•% 

In the interest of uniformity, it may be pointed out here that even 
though either form of the symbols for fractions is good usage or 1/2), 

It will be less confusing for the children if the teacher will use the 
vertical form (j) that is presented in the pupil's book. It Is not 

necessary to mention this to the pupils unless one asks; then, he may be 
told that either form is correct. 

We associate the whole numbers with points on the nurr|ber line. The 
number line helps us show the order of the whole numbers. If a point Is 
to the left of a second point then the number associated with the first 
point is le?s than the number associated with the second. If a point is 
to the r-4-ght of a second point, then the number associated with the first 
point Is gre.ater than the number associated with the second. On the 
number line, 5 is to the left of 7 and we say 5 < 7. Also, 7 Is to the 
right of 5, and we say 7 > 5. 
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We may also associate fractions with points on the number line and 
thereby set up an order among fractions. Suppose we want to compare 
the number f with the number 4. We locate the point that corresponds to 
each of these numbers on the number line. To find the point on the 
number line which corresponds to \ the line segment from 0 to 1 Is 
divided Into 4 equal segments. Each of these 4 parts has length which 
corresponds to ^ unit. The union of three of the equal parts laid end 
to end, Is a line segment whose length Is f unit; its left end-point 

3 

corresponds to zero and the right end-point corresponds to the point 4. 

\ 4- i 

• ^ I — ^ I ; T" 

0 I 1 

similarly, the point corresponding to 2 's located. 

^ \ J- _ 
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After having located the points corresponding to 4 and 2* we find 
that the point for f Is to the right of the point for j. We say that 
I" > J. Likewise, we notice that the point for j is to the left of the 
point for f, that Is ^ < f. If two numerals, such as \ and f name the 
same point on the line they are names for the same fraction. Thus, the 
comparison of fractions Is related to the comparison of line segments. 
Consider the line segment from the point for 0 to the point for I. If 
we compare one-half of that line segment to three fourths of that line 
segment, the part described by the number \ (three of four equal parts) 
Is longer than the part described by the number ^ (one of two equal parts). 
We say that > 
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If the pupils have had no 'ntroduction to fractions in the third 
grade, the teacher will find that pupils wi I T make more progress If 
they are taken slowly through the unit, with additional duplicated 
materials provided for practice when needed. It<*will be helpful to 
studv S.E.C.L. units on fractions for grades 2 and 3. 

TOPIC 1: REVIFWIfjG TH^ MFANI NG OF F R/VQTIQNS AS NUMBERS 
OBJECTIVES : 

1111 1 

1. To review the meaning of the fractions 2* 4» 8» 3» 6* 

2. To develop the idea of using fractions for subsets and 
parts of regions. 

VOCABULARY : whole, part, one-half, one-third, one-fourth, one-sixth, 
one-eighth, halves, thirds, fourths, sixths, eighths, fraction, 
numerator, denominator 

MATERIALS : five 2" by 18" strips of paper for each child; several 1-inch 
squares of paper for each child; small objects; counters; three 
Cutouts of circles, rectangles, squares, hexagons, and triangles 
for each child; five 5" by 7" numeral , j, ^, ^) cards; five 

boxes (or baskets); pupil pages J9 - 43 

Activ i ty I : Showing parts of things 
Ob.ject i ve : 

Children can fold strips of paper into parts showing the 

I I I I ^ I 
fractions 7,» a"* T' 6"' 
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Materials : five 2" by 18" strips of paper for each child ^ 
Teaching Procedure ; 

Give each pupil five 2" by I8"VrIps of paper. (Pupils may work 
In pairs.) Let them fold ooe of the strips o1^,^aper to make the ends 
meet, then unfold the paper and tell the number of parts Into which the 
whole strip has been separated. Ask whether the parts are the same size. 
Guide the pupils to say, "Each part Is one-half of the paper." Let a 
pupil write the numeral for one-half on the board. Cj) Ask the pupils to 

write the numeral for one-half on each part of their folded paper. Ask, 
"How many halves are In the strip?" (Two; there are two halves! "Guide 
the pupils to say, "One half Is one of two parts of the same size." . 

Let the pupils point to parts of objects in the room that show one- 
half; for example, one-half of the door, one-half of a book, one-half of 
a window. 

Ask the pupils to fold another 2" by 18" strip of paper into,-.th'-ee 
parts of the same size. This is more difficult and will require trial 
and error in folding. The teacher should demonstrate with 2" by 18" 
strip by folding both ends toward each other, one overlapping the other 
untl I three parts of the same size are obtained. Ask someone to 
show that the three parts are the .-.ame size. Let the pupils decide on the 
fraction that describes each of the parts. (One-third) Ask a pupil to 
write the numeral for the fraction on the board. Cjl Let each pupil write 
the numeral for one-third on each part of his folded strip. Say, "You 
have folded your strip into thirds . How many thirds are in the whole 
strip?" (Three; there are three thirds) 
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Repeat the activity by letting the pupils fold strips Into fourths, 
sixths and eighths . Each time, let them check to see if the parts are 
the same size, name the fraction that describes one of the parts and 
write the numeral for the fraction on each part of the strip. Ask one 
pupil to write the numeral on the board. 

Tell the pupils that each of the numerals on the board names a number. 
These numbers have a special name. They are called fractions . 

Point to the numeral for one-fourth ij). Say, "This Is the name for 

the number one-fourth. We call I the numerator for the fraction... It tells 

<■ I 

how many parts we are thinking of. For example, we can show one fourth 
of a strip of paper. We cal I 4 the denomi nator for the fraction one-fourth. 
It tells into how many parts of the same size we have separated the whole. 
For example, we folded this strip into four parts of the samo size. 

Say, "Tell the numerator and denominator for the other fractions," 
Let the pupils tell what each fraction they showed with folded paper 
means. Guide them to tell about each fraction as you did for one-fourth. 
Then let them name fractions they know other than the ones named. 0 



Activity 2 : Fractions for parts of regions 
Objective ; 



Pup 1 I page 39 



Given regions one part of which Is shaded, children can name 

the fractions which are associated with the shaded parts and 

J I I I L 

can write the numerals for the fractions, (.j* A' Q* 6" 
Material s: several 1-Inch square cards for each child 
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Teaching Procedure ; 

AsKthe pupils to turn to page 39 In their books. Tell them to 
point to the first picture at the top of the page. Ask, "What Is the 
name of this figure?" (Rectangle) Let the pupils talk about what they 
know about^^tangles. Hold your book up and move your finger along the 
edges of one of the rectangles pictured. As you do this say, "This Is a 
rectangle," The following questions may be used to guide the discussion. 
You will think of others. 

How many sides does a rectangle have? (4) 

What do you know about line segment BC and line segment AD? 

(They are the same length; they fit exactly.) 
What do you know about line segment BA and line segment CD? 

(They fit exactly. ) 
Wha/do you know about the angles suggested? (They are all r 

right angles. ) 

Move your hand over the Inside of the rectangle. As you do this say, 
"This Is the Inside of the rectangle. It Is the region of the rectangle," 

Point to the second picture. Ask, "What do we call this figure? 
Into how many parts of the same size has the region been separated?" (2) 
"How many parts are shaded?" (I) "What number describes the shaded part?" 
(i) Let the pupils answer similar questions about the shaded parts of the 

other regions on the page. Give each pupil several one-inch square cards. 
Ask them to write on a card the numeral for the fraction describing the 
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shaded region of each figure and to place the card beside the figure. 
Draw the figure below on the board as an example: 




Go around the classroom, giving help as needed • Ask questions so 
the pupils use the ideas of fraction^, numerator and denominator. 

Activity 5 : (Oral) Fractions for subsets 
O b.jecti ve : ^ 

Given a set of objects, children can separate It into equl- 

valent subsets/ can describe the subset by using a fraction, 

1 1 1 1 ' 

and can write the numeral for the fraction. A, Q$ 3# p 

Materials : small objects, counters, five 5" by 7" numeral cards 
Teaching Procedure : 

Place 3 set of four objects on your table. Ask a pupil to separate 
the set Into two subsets so that each subset has the same number of mem^- 
bers. Check this by asking another cud 1 1 to match the members of the 
subsets. Ask, ''How many members are In each subset?*' (2) The members 
may De patched exactly one to one In this way: 




Ask a pupil to point to one subset and tell what fraction describes the 
part the subset Is of the whole set. (We made •. vo subsets with the same 
number of members. Each Is one-half of the set.) 

Select a pupil to separate a set of four things into four subsets, each 
with the same number of members. Ask, "What number describes one subset ^ 
as part of the whole set?" (One-fourth) Let a pupil write the numeral Cj) 



on the board . 
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Ask the pupils to put a set of eight counters on their desks. The 
following directions may be used to guide the^upils' activity and dis- 
cussion: 

I. Separate your set of counters into two subsets so that each 
subset has the same number of members. Point to one of the sub- 
sets. Tell what fraction describes this part of the v.:->ole set. 
(One-half) Tell whether one-half is a number. CYesl On a card, 
write the numeral for the fraction, (i) Place the card by a sub- 

set. 





2. Separate your set of eight counters into four subsets sc that 
each subset has the same number of memhers. Point to one subset. 
Tell what number describes this part of the whole set. (One-*ourth) 



131 



Is the fraction a number? (Yes) On a card, write the numeral for 
the number, (j) Place the card by a subset. 

i) © © © 



3. Separate your set of eight counters into eight subsets so that 
each subset has the same number of members. Tell how many members 
are In each subset. Tell what number describes each subset. 
(One-eighth) On a card, write the number. (-L) Place the card 



8 



by a subset, 






Ask the pupils to remove two counters from their desks so that their 
set of counters now has six members. Repeat activities simMar to those 
above with the sets of six counters. Ask the puptls to separate thetr 
sets into two, three, and six subsets so that each subset has the same 
number of members. Each time, let the pupils tell what fraction describes 
one subset and write the numeral for the fraction. 



Activity 4 : Fractions for Subsets (continued) Pupil page 40 

Objective : 

Given a set, children can name the fraction assocfated 
with the shaded subset and can write the numeral for the 
fraction. 
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Teaching Procedure : 

Ask the pup! Is to open their books to page 40. Let a pupil read 
the question at the top of the page. Say, "Each of the sets of beads 
In the picture has a subset of black beads. There is a fraction that 
.tells us what part the subset Is of the whole set." (Point to picture 
A.) "A subset of set A has black beads. What part of the whole set 
Is the subset of black beads?" 

Guide the pupils to say that If they think of the black beads as 
one subset, then that subset Is one of two subsets with the same number 
of members. One subset Is one-half of set A. ^ 

The following questions may be used to guide the discussion: 

How many members has the subset of black beads? (Two) . 

Is there a subset of white beads in picture A that matches exactly 

»*■. P[ . 

the subset of black beads? (Yes) 
Into how many subsets of the same number has the set of beads been 

separated? (Two) 
What part Is the subset of black beads of the whole set? What 

fraction describes this? (■^) 
Ask the pupils to write beside each letter the numeral for the num- 
ber that describes the subset of black beads In that picture, 

A i(orf) F i(or|) J ^, (or -|) 

B i G i(orf) K i(or^) 

C i H J (or. |) • L I (or i|) 



0 1 I 1 M i (or t|) 

D 6 '8 3 12 

E 7(or|) 
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Act'vity 5 ; Fractions for regions (oral) Pup M pages 41-43 

Objective : 

I 

Given different shaped regions separated Into fractional 
parts, children can shade one fractional part, can name the 
fraction associated with the shaded part, and can write the 
numeral for the fraction. 
Material s ; cutouts of circles, triangles, squares, rectangles and 

hexagons sufficient to give three shapes to each child. 
Teaching Procedure ; 

Let the pupils select from the pupil pages 41-43 three shapes, each 
showing a different fractional division. Ask them to color one part of each 
shape. Let them tell about the shaded parts, tell what fraction describes 
the shaded part, and write the numeral for the fraction on the chalkboard. 
If the teacher wishes, she may prepare many cutouts of heavy paper In the 
shape of circles, triangles, squares, rectangles, and hexagons, drawing 
I ires to separate the region of each cutout Into parts of the same size 
representing halves, fourths, sixths, thirds, and eighths, and giving each 
pupil at least three shapes showing different fractions. Save the cutouts 
for use with Activity 6. 

For the remaining shapes on the pupil pages, discuss each shape in the 
fol lowing manner: 

Into how many parts is this region divided? 

What Is the name we give to one part of this reglo.n? 

Color one part of this region. 

Write the fraction that describes the part you have colored. 



Hi 
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At a later time. If pupils have difficulty understanding that 4 and . 

2 

I are other names for j, ask them to return to these pages, coloring 4 of 

of a region or | of a region. They will see that they have colored j of 

2 4 2 6 , 

the region. This activity may be extended to x:over g, g, q, q, and s o on. 
The purpose of these activities Is to help the child learn to color 
of a region, given a numeral, or to write a numeral for a shaded par 
the region.' 

« 

Activity 6; Matching fractions to parts of regions Cora 11 
bb.iectlve ; 

Given a numeral for a fraction and different shaped regions, 
children can Identify the regions whose shaded parts are 
described by the fraction. 

. ,111 

Materials : 5 boxes (or baskets); five 5" by 7" numeral cards C 3, 3* 4' 

g, ardg) 

Teaching Procedure : 

Place the 5" by 7" cards with the numerals i* 4' 6 8 written 

on them, each against an empty box. (Shoe boxes or baskets may be used.) 
Place the cards so that each pupil in the class can see th^ numerals. 

Give out the cutouts that the pupi I s sj^aded in Ajrtivlry 5. Make sure 
each pupil has three cutouts with shaded parts that are described by dif- 
ferent frictions. 

Point to the numeral card for ^ and ask a pupil what number It names, 
Let the pupils look at their cutouts and decide which cutouts have one-half 
of their regions shaded. Ask all the pupils who have a cutout with one-half 
the region shaded to place the cutout in the box marked "8 




i splay the cutouts from the 



)ox for the pu 



the half-regions are the 



idea that not all halve 




pi Is to see* Ask j 



ind the same shape. ^No) 
are the same size and 
I that each par|/ls described as onfe-haNxOf its own region. The 
pupils should notice that if two regions 'are\not the same'size and shape, 
then the halves of those regions will -not be the same size and shape. 
Lead the pupils to understand that two halves of the same region make one 
who I e . 

Point to the numeral card for ^. Let a pupil tell the name of the 

fraction. Ask all who have cutouts with one-third of the region shaded 
to place them in the box marked "-j". Display all these cutouts and let 

the pupils talk about the set of all the regions of cutouts that we de- 
scribe as one-third. Emphasize the fact that the shaded thirds of dtfr^ 
ferent regions may be of different sizes and shapes but that each is one^- 
third of its whole region. Guide the pupils to say, "Three thirds of 
the same region make a whole." 

Continue in a similar way with the other boxes and cutouts showing 
fourths, sixths, and eighths. 
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TOPIC II; ORDERING FRACTIONS 



OBJECTIVES; 



1, To introduce order of fractions and to compare pairs of frac'- 
tions that are not equal. 

2, To extend the idea of ordering fractions on a number line and 
to provide experiences In naming points on a number line, 

3, To extend the concept of fractions to include one-fifth, one- 
tenth, and one-twelfth. 

140 



VOCABULARY ; one-fifth, one-tenth, one-twelfth 

materials/ eight 3" by 30" strips of paper, a number line, pupil pages 



X4- 
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Activity 1 : Naming points on the number line (oral) 
Objective ; 

Children can fold paper strips to find and name points for the 
fractions j, ^, J' i °" ^ 
Ma terials ; two 3" by 30" strips of paper 
Teaching Procedure ; 

Place two of the 3" by 30" strips of paper on your desk. Hold them 
\up for the class to see. Let the pupils show that the strips are of the 
s^e size. 

vDraw a line segment on the board, or put it on paper taped to the 
board. It will be used In the next activity. It should be more than 60 
Inches long. Mark a point near, but not on r.3 left end of the line 
segment and write a numeral 0 at the point. 

Say, "This Is the number line. We can mark and name points on the 
line with numbers. Here Is one point. Let us name It 0. Let us mark 
another point." 

Place one of the strips of paper along the number Mne, with the left 
end at the point named 0. Mark a point at the right end of the strtp and 
name It I. Ask the pupils to tell what this point is named. Cll 

Ask a pupil to put his finger where he thinks the potnt for 2 will be. 
After he guesses, h^p him to check his answer. Let him put the str^p of 
paper along the line segment, with the left end of the strip at the point 



'^.arkea I. Let hin mark a cotnt at the right end of the strip and name 
It 2, Let the class say whether the ouplMs guess about the point for 2 
.was 2 gccc guess. Stress the idea that the I Ine segment from 0 to I and 
the line sec'^e'^t from I to 2 are congruent. The edge of th^ paper strip 
firs coth exac-h. • \ 

Ask 2 pucil tc ^c\z ore carer" s'^ric Into halves. Ask hfm\fo show the 
class now he ^clcec t'^e srr:;:, tc w-^-cIc It a^^c to tell Into how- many parts 
the ST': is serara-^ec. (2) Ask, "-.re the two oarts the same slze?*^^ Let 
the c-:M5 -e!l ^te -^a^e the fraction which descrtbes one pert, (j) 

r.C'Z the s'^'^Ip up arc sa^ , "We know that the edge of the paper strip ftts 
""'•e line segment -^rc" the point for C to the point for I, tf we fold the 
s*'"lc, we know r^^f one of the twc carts we fcrned is one-half of the 

st!:." -s< 2 :-ril use the folaed strip to find the point on the 

I 

"j'^ce^^ I '"e '^''"^r we car name "J* " ■ 

Help a pupil TC clace "^'^e lert end of the folded strip at 0 on the 
rjnber line and mark a polnr ar right end. Say, "We can name this 

cci'^t J." Write the numeral for T celcw the rarkec point. Gutde tEie 

I 

:-cil tc '^ake statements such as the follOAir.c: The 2 point is between 
-"^e cci^" •^a^ed 0 and the point ra'^ec I; t^e line segment from 0 to 2 
is ere "^ac carts cf the sare size; the t'^o carts make the line segment 
^ ro"^ C TO 1 • 
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Point to each of the two parts of the strip which i describes. 53>. 
as you fold each part, "I am separating, each of these twc parts in^c -v,c 
parts of the same size." Unfold the paper and show it to the c-oils. as<, 
♦•Into how many parts Is the paper separated by the folds?" (4) "-r-e t>-e 
four parts all the s;.me size?" (Yes) Let a Ducil shew cre-fc-^-^ -^e 
strip. Guide the pupils to say that this part is c-e c+ fc-r :2rT= -e 
same size. 

Let another pupil fold the paper so that cri v cre-^c-r-h of the 

folded paper shows. Let still another cucil --se t-e ^ci:e: :2:e- *c ''2^< 

the point for ion the number line. Let another :-:il /.ri-e -a ---e-al 
4 



for ^ below the marked point. (As shown in Viagra- belc^.) 
I 1 



1 1 
4 2 



Ask, "How do we. find the point for i?" If a pupil suggests --.2* we 
fold each part of the strip again so that there are eight carts of The 
same size, let him do this. Let another pupil use the folded cacer tc 

mark the i point on the line. Ask another pupil to write the nurrera! 'c" 
8 

I 

g" below the mark. 

^ I * I 

Ask, "Where do you think the point for j shou.l.^ be?" 5"^+ "t"^® 
to talk about this. Let several pupils P'.t their fingers on the cl2ces 
where they think the point should be. Ask the class ho. they can decide 
where the i point is. Guide the pypils to say that they car, use 2 carer- 
strip folded into three parts of the sane size. Let a pucil ^clc a strip 



•ERIC 



14& 



139 



and use it to mark a point for j. Write the numeral for the fraction 

below the nark. Let the pupils tell who made the best guess. Using the 

i 

same paper strip, follow the plan above to mark and name the poFnt for g. 
(Note: Save fhe number line, as It Is marked, for use in the next activity.) 

^ 1 — jj i I 1 ^ \ > 

V lei I T * ^ 

Note; If pupils have trouble relating fractions to the number line, 
let them rtiake their own number lines on strips of paper, using a ptece of 
string as their unit. String Is easily folded into halves, fourths, efghths, 
thirds, sixths, and so on. It can be marked with crayon or Ink at the fold 
before marking the paper number I Ine. 



Activity 2 ; Reviewing the order of fractions Pupil page 44 

Objectives ; 

1. Given strips of paper to be folded Into parts of ^, j, ^, 

'children can find ^nd mark the corresponding points on the 
number 1 1 ne. 

2. Children can compare fractions by locating the points named by 
the fractions on the number line, by noticing which point is to 
the right of the other (to the left of the other), and therefore 
conclude which fraction is greater than (less than) the other. 

Materials! five 3" by 30V strips of paper 



Teaching Procedure ; 

For this activity, use the number line drawn and marked or. the board 
for Activity I. Put out five of the 3" by 30" strips of paper. 

• ■ Let five pupils fold the strips so that one-half of one strip shows, 
one-fourth of another strip shows an^. one-e Ighth of another strip shows, 
one-third of another strip shows, and one-sixth of another strip shows. Ask 
each pupil to write the numeral for the fraction that describes that part 
on one part of his strip. Then let the pupils compare the parts they show 
and decide which part is longest, which is shortest and so on. Ask' them to 
place all the parts of the folded strips on a table In order, 'from the 
longest to the shortest. 



1/2 



>/3 



1/4 



Ask, "Which part of the strip is longer, the part that s'ows one- 
half or the part that shows one-sixth?" (One-half) "We say that the 

I ' .. 

number j 's greater than the number ^. 

Place the part of a strip that shows one-half along the number line 
to remind the pupils that the edge Is congruent to the line segment from the 
point for 0 to the point for ^. Show in the same way that the one-sixth 
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part of a strip has an edge that Is congruent to the line segment from 
the point for 0 to the pcinr for Ask, "Which line segment Is longer, 

the line segment that is one-half the *Anole line segment from 0 to I or 
the segment that is one-sixth the line segment from 0 to I?" (The line 
segment that is. one-half) • 

Say, "The point for ^ is to the right of the point for One-half 

is creater than one-sixth," Write the following sentence on the board 
arc 35< tne ch.Ildren to read It: 

i> 1 
2 6 

3et ;:-pils to corpare the one-third part of a strip and the 
cne-'^cjrth cart o^ a stric, (It should be emphasized that the whole 
strips are all or the sa'^e size,) Ask which cf the two parts is greater, 
(Cne-thirc) Say, "One-third is greater than one-fourth," Let two 
cuciis ^ind the points ^or ^ anc j on the nunber line. Ask, "Which Is 

at the right?'' (j) Let a p-cil write this sentence: 

Say, "We can also ask which number is less than another. If j Is 
greater than we can say that ^ is less than j. One-fourth Is to the 
left of T on the number line," Let a pupil write the sentence on the 
icari -^o show which o^ the numbers is less: 

k<k ■ 

r--tco the pupils to use their folded strips and the number line to 
rr.ake statements such as the following: "If j is less than ^, then the 

poirr for ^^s to the left of the point for J-on the number line; and 



2 
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If ^ Is greater than j, then the point for j is to the right of the point 
for J." 

Compare several pairs of numbers on the number line. Get the pupils 
to decide which number of the pair is less and which is greater by noting 
which point Is to the left and which point is to the right. Let them write 
sentences like these on the board: 

'<i i->i ■^>- T<r 
8^4 4^2 3^8 23 64 

Ask the pupils to turn to page 44 in their books. Let therr. write in 
the correct symbol, > or < or = , to make each sentence true. Say, "fn 
each sentence, oi0>number is either greater than, less than, or equal to 
the other. Make true sentences by writing the proper symbol." Complete 
one sentence on the board as an example. 

Activity 3 ; Naming points on the number line (oral) 
Obje ctive ; 

Children can order the frtictions 2* 4* 8* 3* 6* 5» 10' 12 
on the number line by using folded strips of paper. 
Materials : Three 3>' by 30" strips of paper and the strips used in , 

Activities I and 2 
Teaching Procedure ; 

Get out three unused 3" by 30" strips of paper and the strips used 

in Activities I and 2. 

Draw the number line on the board, using a strip of pacer to ^nark 
the segment from 0 to 1 . Let the pupils use the folded strips fror. 



1 



143 



previous activities to mark and name the j, q points. 
1 H • 1 1 « ► 

T T T 1 

Let the pupils discuss the order of the fractions. Help them dis- 
cover patterns in the order by noticinq that ^ is less than that ^ 

is less than ^, that jT-3-t^ss than j and so on. They should notice 

that the point for j is between the points for ^ and ^, that the point 

for ^ Is between the points for ^ and ^ and so on. 

Write the numeral ^ on •♦'he board in a place apart from the number 

line. Say, "This Is another fraction. Name the fraction."^ COne^flfthl 
"Look at the number line. Can someone guess where the one-f tfth potnt 
is?" 

Let a pupil put his finger on the place on the number I tne where he 
guesses the point Is. Mark It with a small arrow above the line to show 
that It Is a guess. 

i 

4 1 hH i 1 1 1 ► 

Oil 1 1 1 M 

i6 4 T 2 * 

Ask whether any pupils agree. If some disagree, let them incicate 

their guesses by marking other arrows. Let them discuss why they thtnk a 

point for ^ should or should not be where suggested. Help them to dtsr^ 

J_ 

cover that there are several ways to think about where the 5 point Is. They 
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may see a pattern. For example, a pupil may s&y, "The denominators go 

8, 6, 4, 3, 2. I think the denominator 5 goes between 6 and 4. I think 

I I . 1 I. 

the point for j goes between the point for g and the point for ^. 

They may think of the line segment from 0 to I as separated into 
five congruent line segments. They may think of the paper strip folded 
into five parts of the same size and try to imagine the size of one of 
them. They know that if the line segment from 0 to I is separated into 
five congruent line segments, then the endpoint of the line segment 
beginning at point 0 wi II be named ^, Say, "These are ways that help us 

guess where the point is. How can we find and mark the point?" 

Use another strip of paper folded into five parts of the same size to 
locate the one-fifth point and decide whether the pupils' guesses were 
good guesses. (Prepare the strip before class. Mark a place on the strip 
six inches from one end. Since six inches is one-fifth of thirty Inches, 
this will help you to fold the strip quickly into five parts of the same 
size.) 

- Let a pupil unfold the strip and count the number of parts of the 

same size. Get another pupil to use the folded strip to mark the point 

for -. Let him write the numeral i below the point marked. 
5 

Get the pupils to notice that ^ follows the pattern of the numbers 
on the number line. There is an order In the denominators. The point 
for ^ is between the points for ^ and j. Help the pupils to notice also 

that to locate i we separate the segment from 0 to I Into more parts of^ 
5 

the same size than we did to locate ^ and that each part is shorter. 
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Ask, "Where do you th'nk we should put t^<? point for one-tenth? Is 

J- greater than, or less than 1?" (Less) "Will the point be to the right 
10 8 

or to the left, of the point for !•?" Let The pupils guoss the position of 

o 

the point and mark their guesses with small arrows. Then ask, "How can 
you find the position of tne point for ji-?" Get the pupils to suggest that 

the strip folded Into five parts of the same size be folded again to show 
ten parts of the same size. One of the ten parts of the same size will 
represent one-tenth of the paper. Let a pupti fold the strtp^ mark, the 
point on the number line and name the point iq. 

Use the same plan to locate the point' for one-twelfth. The strtp 

I c> 
folded and used to find the point for ^ can be folded agatn tnto twelft&s. 



Pupi I page 45 



Activity 4 ; Naming points and comparing fractions 
Objective ; 

I : I 1 I ' _i J_ 

Children can order the fractions j, q, 3, g, 5, |q, 12 

on the number line by comparing denominators. 
Teaching Procedure ; 

The purpose of this activity is to guide the pupils toward realizing 
that as long as the numerator remains the same, the larger the denominator, 
the smaller the fractional part. 

Write the fol lowing numerals on the board; 

I _L 1 1 1 1 1 -1 

4 10 8 3 6 2 5 12 

Let the pupils talk about what the numerals mean and whether they are tn 
order. Draw a vertical number line on the chalkboard. Ustng strtps of paper 
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or string, ask the puplls^to help you mark and label the positions of the 
numerals named above. This exercise prepares them for using the vertical 
number line on pupil page 45. kA horizontal number line In the text 
would show units too small to mark with ease.) 

Ask the pupils to open their books to page 45 and read the sentence 
at the top of the page. Ask them to find t! 3 point for 0 on the number 
line. Then ask them to find the point for I. Say, "There are other potnts 
marked on 1he number line, but the numeral for the number Is not always 
written. Can you find a numeral for point H?" (-|^) Write thts sentence 

on the bojard: 

Point H Is named \2' 
Say, "You complete each of the oth^r sentences by choosing one numeral 
from the list on the board. Choose the numeral that can be written In 
the box to make a true sentence. For example, point A has a number name. 
It Is the name of a fraction. Write Its numeral In the box. Fill In 
the other boxes with names of fractions to make true sentences." (Some 
children may need to fold string or strips of paper to decide which 
fraction to use.) 

Ask the pupils to look at the incomplete sentences on the right side 
of the page. Go over one sentence with the class. Let a pupil read this 
sentence: 

Say, "One-third Is less than a number. Can you find Its name on the list?" 
Get the pupils to notice that there Is more than one number that will make 
the sentence true. They can choose any number that will make the sentence 
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true. One :-cil nighr write "j , another rnight write "1". Say, "Make 

"fhe senterce tr.e bv writinc a numeral in each box." Give help as it is 
neecec . 



' OBJECTIVES : 

iiiiii_L-L 

1. To Introduce, .multiples of 2» 3» 4» 6' 8' 5> 10' 12* 

2. To give oractice in finding and naming fractions with numera- 
tor I on the number line. 

VOCABULARY : no new vocabulary 

MATERIALS: a rectangular piece of paper^'about 5" by 7" for each child; one 



square piece of paper about. 6" by 6"; three strips of paper about 

♦ 

2" by 18",; three strips of paper about 3" by 30"; blank numeral 
cards; string; pupil pages 46 - 48 



1. Given paper to fold, the children can use it to find multi- 
pies of 2» 4' 8' 3' 6' I' TO' Tz °^ shading 

various parts of the regions and by Identifying the fractions 
1 1 lustrated. 

2, Given pictures of circles separated into fractional parts, 
children can write the numerals for the firactions associated 
with the shaded parts. 




Act I V I ty I ; Reviewing multiples of fractions 



PupM page 46 



Objectives : 
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Materials ; piece of paper 5" by 7" for each child; one 6" by 6" sa-are 

of paper 
Teaching Procedure ; 

Give each child a piece of paper 5" by 7". Ask then to fold the 
papers Into four parts of the same size. (Suggest ^t*^ the cacers 
as shown In the picture below.) Let them-crnfold the paoers and cojnt 
the fourths. Hold up one paper and point to each Dart In turn as you 
count, "One, two, three, Say, as you outline the whole, "This 

shows four fourths." Let the children talk about this. 

Draw around one of the pieces of paper on. the board and draw lines 
to separate the region shown Into four regions of the same size. Shade 
one of the four regions. Ask, "What part of the whole region Is shaded?" 
(One-fourth) Let the children move their fingers about a region of one- 
■ fourth of their papers.' Then let a child write the numeral "i" below the 

fhaded part of the region on the board. 




1 

T 

Draw on the bddrd another rectangle exactly like the first. Shade 
two of the four parts one at a time. Say, "I shaded a part of the whole 
rectangular region. Count the fourths In the shaded part. What fraction 
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does the shace.-! part show?" (Twc-rourths) Let the children move their 
fingers about the cart cf their pacers that shows two-fourths. Then write 
the '^u'^eral "j' J'-st telcw the rfidle of the shaded part. Get the chll- 

crer rc folc their papers into halves. Guide them to say, *'The part we 
call rAC-fo-rt»^s fs the sar.e as the part we call one-half, Two-fourths 
2".^ cre-'^alf are rares ^cr the same number,'* 

fm I I 

mm I 

4 

I-^a^ ar.ci^'-.er recta-^gle li^e "^he others the board and shade three of the 
•c-r carts. Ccntl'^.^e as before. Ask the children to count the fourths as 
thev are shaced, Le**" rne'" fine that the shaded region is three-fourths the 
whole recta-ocular reclc^. Ask a child to write the numeral for the fractiof 
ieICA tne shaded carr. 




JL 

4 

Draw another rectangle a^^d continue in the same way as you shade 
fc-r the oar/ts. Ask the children the name of the fraction that the 
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region shows. Let a child write a numeral for the fraction. Get the 
children to say, "All of the region Is shaded. We counted four fourths. 
Four fourths Is the same as one whole." Write the sentence j = I on the 

board to express this Idea. 

Guide a child to fold a 6" by 6" square of paper to show sixths. 
Help htm first fold the paper Into three parts cf the sare size anc! ther 
to fold the paper again to make six parts of the sare size. See the pic- 
tures below. Draw around the paper on the board and then draw lines to 
separate the rectangular region Into six parts of the same size. Use the 
same plan to talk with the children about sixths that you used to talk 
about fourths. Shade one of the regions at a time and ask, "What part 
of the region Is shaded?" Get the children to tell the narre of the frac- 
tion that describes the shaded part and write the numeral for the fraction. 




is; 
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As you discuss sixths with the children, emphasize the different 
names for the sane fraction, ^or example, the children can look at 
the region shaded to represent three-sixths and see that one-half the 
rectangular region is shaded. This way they discover that |- and ^ are 

names for the sane number. 3uide the children to write the sentence 

that expresses this: * 

1-1 
6 ■ 2 

Let the children say that in the picture for six-sixths, the whole 
region is shaded. Thur; they see that |- and I are different names for 

the same number. Let them write: 

I- 

Use the same plan to develop the idea of fractions with other denomt- 
nators, such as 5, 3, 8, and 10. 

Ask the children to point to the Circle A on page 46 of their books. 
Say, "The region of the circle is separated into parts. Are tfiese parts 
the same size? Into how many parts has the circular regton been separated? 
(8) "Some pf the parts are shaded. What is the name of the fraction that 
tells how much of the whole region is shaded?" (Three-eighths) Discuss 
the fact that this number, three-eighths, refers to three of eight parts 
of the same size. Let someone write the numeral on the board next to the 
letter A. 

Direct the children to write next to each letter the numeral for the 
fraction that describes the shaded region of that figure. 

A. 3 B. i C. Z D. 5 E. 2 F. 1 G. 3 h. 2 

8,8 8 8 3 4 6 6 
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Pup i I page 47 



Activity 2 ; Reinforcing that fractions are numbers 
Ob iecti ve t 

Children can name the fractions associated with shaded parts 
of regions, I In^^segments, and sets and can write the numerals 
for the fractic^s. 
Teaching Procedure ; 

Remind the children that we use numbers, called fractions when we 
talk about parts of whole objects or parts of sets. 
.Draw these figures on the board: 




B 



c 



I o \ 
D 



□ 



Say, "Use a fraction to describe the part of A, of B, and of C that is 
shaded. (| of the region A is shaded. J of region B is shaded, j of 

line segment C is shaded.) What fraction describes the part of set D 

2 

that has a ring around it?" (j) 

Letl-he children draw regiors, line segments and sets on the board, 
show parts of each thing drawn and assign a fraction to each part. For 
example, children may draw these: 



r 




1 
4 







Sv.wXv 

%?x*:«x*i 

•X»X%vXv 


XvXvXv 
X*XwX*X 
••••••••• 

'X*X*t*Xw 

• ••••••• • 



J. 

4 



F 



o 

^ c o 

O o « 

H 
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Review some (or all) of the numbers that the children have used to 
descrl'be parts of things. Ask, "What number did you use to describe the 
shaded part of circle A? Part of region B?" and so on. 
^ of region A was shaded; 

o 

y of line segment C was darkened; 

• We darkened v of G« 
4 

We draw a ring around ^ of set H; and so on. 

Ask, "What -numbers did you use? {|, |-, ^) What do we call numbers 

with these names? (Fractions) Fractions are numbe-s that we can use to 
describe a part of a whole thing or part of a seti What does the 3 mean 
In the statement, j of region A Is shaded? (It Is the number of congruent. 

parts Into which we separated region A.) What does the 2 mean In the state' 

ment o* region A Is shaded'?" (It Is the number of congruent parts of 
3 

region A that are shaded.) 

Continue to have the children draw regtons, I tne segments, and sets 

I 2 

to show fractions such as j, and ^. 

If more practice Is needed, let the children tell what parts of their 
figures are unshaded. Emphasize that they are using numbers called frac- 
tions. 

Ask the pupils to do the exercises on' pupil page 47. While the pupils 
work or after they finish, talk with them about the exercises. Exercises 
10 and II help the children summarize the lesson. 
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Activity 3 : Showing multiples of fractions with Pupil page 48 



numerator I on the number line ^/ 
Obiectives t 

1. Children can find and name multiples of a given fraction on 
a number line by folding paper strips Into congruent parts. 

2. Given pictures of number lines marked to show different frac- 
tions, children can write the numerals for the fractions which 
name the Indicated points. 

Materials ; 2" by 18" st^^ 
Tea ching Procedure ; / x * 

* Draw u line segmept on the^board. Give one child ^ 2" by 18" strip 
of paper and help him to mark points for 0, I, 2, apd 3 to make a number 
line. Let him begin by marking a point for 0 near the left end of the, 
line segment. Then use the strip to mark the points for I, 2, and 3 by 
placing the left end of the s>rip on eacfr point and marking the next point 
to the right end as shown oiV^he following page. 

Ask another child to fo IdVhe-^+rtFTrTT^^ • Let\lm use the folded 

strip, holding one end at 0 and marking a point at the other end to show 
^ t I 

one-half. (See the fol lowlhg figure.) Let him .write the ^umeral Just 

below the mark. Ask another child to use the same folded ^^Ip to count 
and mark the point for two-halves. They will olscover vlrii fhts Is^a 
point that Is marked with the label "I". Let the children falk obout this 
and help them to say that they have found another name for' the pojnt^ 
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Is "two-halves". Ask, "Can you write a numeral for this fraction?" Let 

a child write "~" below the point and below the numeral for one. 
2 

1 

J 

0 ^1 2 

2 2 

Write the following sentence on the board and say, "This sentence tells 
us that 'two-halves' and 'one' are names for the same number," 

Let a child continue marking points, using the strip folded in half, 

as far as the line Is drawn. Let the children count the halves and mark 

the points: JL; Z., ^ and so on. Explain that some fractions name the 
2 2 2 

same points that the whole numbers on the line name, by writing sentences 

4 6 
such as J = 2 and ^ = 3, 

Point to the mark labeled "0" and say, "Can you think of another name 
for this number? How many halves are described by the number 0?" Help 
ttt^chlldren to conclude that the point Is for zero-halves. Let a child write 
the numeral "j" below the numeral "0", 







T 


"1 T 


r 


1 






J _ 


1 L 


L 


J 






1 


_ L .-1 




1 — . 1_ 


0 




1 


2 




3 


0 


1 


2 


3 4 


5 


6 


2 


2 


2 


2 2 


2 


2 




Draw another 


number 1 


1 ne on the board and 


use another 


2" by 18" 



strip folded Into three parts of the same size to mark thirds. Let the 
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children mark the points and count the thirds. Follow the steps used with 
the number line for halves. 



0123456 78 910 
3 3 3 3 3 3 3 3 3 3 3 

Construct a number line for fourths, for fifths, for sixths, and 
for other fractions as needed. Continue to laoel all points. Including 
the point for zero, with names for the fractions. 

Ask the children to open their books to page 48. Get the children 
to notice that each picture of the number line on the page Is marked to 
show different fractions. Discuss the first picture. Ask, "Into how 
many segments Is the segment from 0 to I separated?" C2) Let the chll" 
dren find a point that has a numeral box beneath it. Say, "What wtll you 
label this point?" ij) "Write a numeral in the box." Che'^k to see that 

the children have written In the proper box. Let them continue to fi:l 

all the boxes with numerals. 

If needed, the children can use paper strips to help In finding the 
fractions for the points. 

Topic IV; DIFFERENT NAMES FOR A FRACTION 
OBJECTIVE ; 

To help students discover that If both the numerator and 
denominator of a fraction are multiplied by the same 
number, we ge"^ another name for the same number. 



157 



16: 



VXABULARY ; no new vocabulary 

MATERIALS ; three 2" by 30" strips of paper; a string (I yard); pupl 
pages 49 - 54 



Pupil pages A9, 50 



Activity I ; Different names for a fraction 
Ob^jectlves : 

L Given number lines marked In the same scale (halves, thirds, 
fourths, fifths, sixths; eighths), children can use string 
to find different names for fractions, 
2. Given number lines marked in the same scale (halves, thtrds, 
fourths, fifths, sixths, eighths), children can use string to 
compare fractions. 
Materials ; three 2" -by 30" strips of paper; a string (I yard) 
Teaching; Procedure ; 

Draw six line segments on t^e board one below the other. Leave 
enough space between the lines so that numerals for fractions can be 
written below each line. Use 2" by 30" strips to mark the 0, I, and 2 
points. The points for 0, I, and 2 on each line should be Just below 
those points on the line above. 

Let the children fold the paper strips and mark points for halves, 
thirds, fourths, fifths, sixths and eighths as shown on the next p9ge. 
After all the numerals have been written, let the class check whether 
the segments that 'are halves are the same size, whether the segments that 
are thirds are the same size and so on. Let them also check to see that 
the numerals are In sequence. 
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Point to the figure and say, "These are all pictures of the.^number 
line, the points for halves are marked on one picture, the points "ior^ 
thirds are marked on another picture and so on." Let the children tell 
about the Idea that 0 In each of the pictures labels the same point on the 
number line, that I In each of the pictures labels the same point on the 
number line, and 2 In ©ach of the pictures labels the same point on the 
number line. You can make this clear by stretching a string vertically , 
from the 0 mark of the top picture to the 0 mark of the bottom picture so 
that the string touches the 0 mark of each picture. Do the same for the 
point labeled 1. Let them say that this point has many different names. 
Ask the children to tell some of the names. Write the numerals on the 
board as they name the fractions. Write the symbol = between each pair to 
show that the fractions are equa.. 
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Follow the same plan to show different names for the number 2. 



± 1 11 11 11 

^ 2 5 4 5* 6^ 8 



Ask a child to choose another fraction and find several different 
names for the fraction. If he chooses ^, for example, help him to stretch 

the string tightly from the top line to the bottom line to see what points 
It touches. In this way he can find different names for one-half. Let 
another child write the numerals on the board as the names are called. 



Continue with this procedure, asking the children to choose dlf^- 
ferent points and test with the string to find the dtfferent names for 
the points. This plan may be extended to tenths and twelfths by draw^ 
Ing two more number lines. 



Let the children open their books to page 49 and read the Instruct 
tlons. They are asked to write numerals In the spaces to make true sen^^ 
tences. They are asked to make true sentences In the second part by 
using one of the symbols, =, > or <, In each sentence. PupM page 50 
provides a copy of the chart made by the children on the chalkbogrd. They 
may find other names for the numerals given if they lay a piece of string 
vertically across the chart. If they have difficulty tn understanding 
how to use the chart, you may make a transparency of the chart, showing 
It on the overhead projector with pieces of string to help pup Ms under*^ 
stand. 
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Actfvltv 2 : Discovery of the Idea | = |^ | Pup il pages 51 ~ 

Ob iecti ve ; 

Given a fraction, children can find another name for it by 
multiplying both the numerator and denominator by the same 
number. 

Teaching Procedure ; 

Write the following sentences on the board and say, "Here are some 

true sentences you made." Review briefly the idea that the sentences 

show different names for the same number. 

12 i_ J. 1= J. 

4=8 4 " 12 510 

12 2 ^ i_ 2 . 

2'=4 4''l2 3~6 . 

3 _6 2_6 2 4 

5=10 3"9 36 

24 i--3. 3^6 

A^'a 5" 15 48 

Discuss these sentences. Guide the children to look for a pattern 
or to look for similarities In the pairs of fractional numerals. For 
example, ask them to look at all the pairs In the first column. Ask, "Is 
there anything you notice about the pairs of numerators?" Help them 
discover that In every pair the second numerator is two times the first 
numerator. Go on, "Is there anything you notice about the pairs of denomt 
nators? Help them to discover that in every pair the second denominator I 
two times the first denominator. 

Ask them to look at the pairs In the second column. Again, guide 
them to see the relationship between the pairs of numerators and the 
pairs of denominators. In these examples, they find that the numerator 
and denominator of the second fractional numeral are three times the 



numerator and denominator of the f.Irst. Go on to the third column and 
compare the pairs In the same way. 

In discussing the sentences, help the children to conclude that if 
both the numerator and denominator of a fractional numeral are multiplied 
by the same number we get another name for the same fraction. 

Ask, ''Do you think this will be true for any fraction we choose?" 
Let the children suggest other fractions and test their conclusion. In 
rany cases they can use the number lines from Activity I to cEieck the 
result. 

Choose some of the sentences from the board and write sentences I tke 

these to help the pup M s- understand the Idea, 

1 I X 2 2 
4 4 X 2 8 

1 - I X 3 ^ 3 
3 " 3 X 3 " 9 

2 . 2x2 „ 4 

3 " 3 X 2 ^ 6 ' 

Ask the children to open their books to page 51 and complete the 
sentences. The first sentence Is completed as an example. 

If pupils experience no difficulty with this page, ask them to use 
the same pattern 1o find another name for the frgcttons on pupil page 52, 
Accept any correct answcirs for questions 6 and II, but gtve special notice 
to pupils who name these numbers 2 and L 

For children having trouble with pupil page 51, provide them with 
additional practice work before letting them find another name without 
using the written pattern. 



Acttvltv 3 ; Fractions and the number line j Pup! I pages 53, 54 

Oblectlves; 

1. Children can count by halves, thirds, fourths, sixths, 
tenths, and twelfths from 0 to 2 using a number line. 

2. Given a fraction, children can find other names for It 
by using a number line. 

Teaching Procedure : 

Review the meaning of the words denominator and numerator. Ask, 
"What are the denominators of ^, f, f, |*# • • • ? ^2) What does the 
2 mean In | and |? (It tells +he number of congruent parts of the unit 
segment.) What are the numerators? (0, I, 2, ...) What does the numera- 
tor 3 mean In j?" (It tel Is the number of congruent parts we counted,) 

Draw on the board the number line as shown below. As you draw the 
line, get the children to say that each line segment between consecutive 
whole numbers Is separated Into halves: 

" I . • • ' ' ' ^ 

Put a finger on the first point to the right of the 0-point that marks a 
line segment of unit length. Ask, "What number should we assign to this 
point?" (J) Let a child write j under this point. Say as the child 
writes J, "He Is assigning a number to the point. Its name Is Put a 

finger on the next point, the l-point. Say, "This is the l-polnt. What 
fraction can you assign to the point?" (|) Continue in this way until 
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all the marked points to the right of the 0-poInt have fractions assigned 
to them. Ask, "How many halves Is 0?" (Zero halves) Write ^ under the 

O-polnt. The number line now looks like this: 



il 1111 5.6 I 3. 1 10 

ZZ2ZZZZZZZZ 

I 1-2 3 

Ask, "Can you count by j's?" (j, 2''"^ children Imagine 

the number line continuing to the right as they count. Vary the activity 

by letting the pupils skip count backwards from say | to by j»s and then 
2 

by 2"'s, etc. Sometimes let them use their eyes, and other times suggest 

that the children not look at the number line as they count. 

Ask the children to count by thirds, fourths, sixths, tenths and 
twelfths. 

Have one pupil labeling a number line on the board as they count. 
Ask the pupils to turn to pupil page 53' and work the exercises. Ask 
the children to see If they can work the chal lenge problems on pupil page 54, 
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UNIT 7 

Techniques of Addition and Subtraction of Whole Numbers 



OBJECTiVES ; 

1, To review techniques of addition of whole numbers. 

2, To extend techniques of addition to addition of three addends. 

3, To review techniques of subtraction of whole numbers. 

4, To achieve mastery of techniques of addition and subtraction 
of whole numbers. 

5, To develop the ability to express the mathematical relation- 
ships In a word pr^lem as a mathematical sentence; to find a 
number that makes the mathematical sentence true; to answer 
the question asked in the problem. 

BACKGROUND INFORMATION FOR TEACHERS ; 

This unit, for your convenience, contains extra problem pages labeled 
"Supplementary PageS'. These pages can be used for review or for more 
practice by those students who need more work. Furthermore, the teacher 
commentary for certain activities has been divided Into two sections: One 
for those students who are having difficulty with the concept CGroup 1) 
and on© for those students who are having little or no difficulty (Group ID. 
Two complete activities (Activities 4 and 5) are suggested for Group I only. 

We win discuss briefly the ideas on which the techniques of addition 
and subtraction are based. 
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Add i tlon The expanded form of numerals together with the proper- 
ties of addition are used In a short form for addition. For example: 
47 5 400 + 70 + 5 (Expanded form) 

367 300 + 60+7 (Expanded form) 

700 + 130 + 12 (add ones; add tens; add hundreds) 

700 + (100 + 30) + (10+2) (Rename 130 and 12) 

(700. + 100) + (30 + 10) + 2 (Associative property) 

800 +40+2 (add hundreds, add tens) 

842 CRename) 
The propess used In the short form may be described as follows: 
4715 l.\ Think of 475 as 4 hundj::©#sW_tens and 5. Think of 367 

y 

as 3 hundreds, ©--tens and 7. 

Add the ones. 5 + 7 = 12. Rename 12 as I ten and 2 ones. 
Write 2 in the ones' place of the sum. Remember I ten. 
Add the tens, (I +7+6) tens = 14 tens. Rename 14 tens 
as I hundred ana 4 tens. Write 4 in tho tens' place of the 
s^*^. ^e'^e'^ber I hu'^cred. 

— e .^.ur-creds. (I ^4+5) hundreds = 8 hundreds. Write 
£ i' t^e "'s.'^are-s' p I ace of the sum. 
is 542. 





3. 



S-:+r3ctIcn As an example, find the number that makes tfiis sen- 



re^'ce true: 



475 - J67 = n 



Using The'exoanded form we have 
475 400 +70+5 
357 30C +60+7 
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We first find the ones' digit In the numeral for n,. There are not 
enough ones In the ones' place of 475 to subtract 7. So we rename 4: 

to give: 

475 400+60+15 
367 300 +60+7 
100+0+8 
108 

The process used In the short form may be cescri-.ed as follows: 
475 I. Think of 475 as 4 hundreds, 7 ts-s 5. Think of 367 as 
367 3 hundreds, 6 tens and 7. 

108 2. There are fewer ones in the ones' :l2oe o- ^7;; --s- *'e 
ones' place of 367. Rename 475 2S ^ h.r,:^5: = , c -e-s 
15 ones. Subtract the ones. 15 - 7 =5. .-.r'-- = ;- ~-e 
ones' place of the missing a:deno. 

3. Subtract the tens. (6 - 6) tens = C ^s-s. ""'-s Z \- s 
tens' place of the missing addend. 

4. Subtract the hundreds. (4 - 3) hundrecs = 1 --"c^e:. 
I In the hundreds' place of the rissing 2::e':. 

5. The missing addend is 108. 




OBJECTIVES ; - 

1. To review the meaning of addition. 

2. To review techniques of addition using exoancecr 'c-". 

3. To review renaming in addition. 

4. To extend addition to three, four, 3.-: '-ere numbers. 
VOCABULARY: estimating 
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MATERIALS ; pupil pages 55 - 77 



Activity I ; Review of meaning of addition 



Pup 1 1 pages 55 - 57 



Objective : 



Children can add two numbers, each less than 100, without 



regrouping and without using expanded form. 



Teaching Procedure ; 

Tell the pupils the following word problem: 

Mr. Ball has 62 cows. Mr. Green has 35 cows. How many cows have 
they altogether? 

Ask questions such as the following to help the puptls understand 
the problem: 

What does the problem tell us? (Mr. Ball has 62 cows, and Mr. 
Green has 35 cows.) 

What question., is asked In the problem? (How many cows have they 
altogether? ) 

How can we find the number of cows they have altogether? (By 
adding the number of Mr. Green's cows and the number of Mr. Ball's cows,) 

Guide the pupils to suggest the mathematical sentence below. Let 
a p.upil write it on the board. 



GROUP I ; Ask, "What is missing In this sentence, an addend, or 
the sum?" (Sum) "How can you find the sum?" (By adding 62 and 35) 
'Say, "It will help us to add If we think of these numbers In expanded 
form." Ask the pupils to rename each number In expanded form. As they 



62 + 35 = n 




tell you the expanded forms, rewrite the mathematical sentence on the 

board as fol lows: 

60 + 2 + 30 + 5 = n 
Ask the pupils if this mathematical sentence is the sane as the 
first sentence they wrote. (Yes) Let them tell why. (The —^e numbers 
are In both mathematical sentences. The numbers just have different 
names. ) 

Say, "Who can remember how we added two numbers In Unit 2?" GuiJe 
chikiren to tell about the steps. (Sentences at rigi.t are the steps; 
they Ji ^ for your use and should not be written gn the board.) 
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62 60+2 (Rename each addend in expanaed form.) 

+35, 50 + 5 

90+7 (Add ones, then tens.) 

97 (Rename the sum in its simplest form.) 

y^^ja-e vertical form for the process of addition as shown below. 
Say, "Let us shov, the addition of 62 and 35 another way."^-^ 
62 
+ 55 

^ Guide the pupils to think as described to the center and right below. Write 
'only what is shown on the Isft belo (Tell them to first add the number- 
of ones and then the number of tens.) 

62 2 ones + 5 ones = 7 ones. Wrlt<j 7 as shown. 

+ 55 



7 6 tens + 3 tens = 9 tens. Write 9 tens (90) as sKown. 

+ 90 

97 ' 7 ones + 9^+ens = 97. Write 97 as shown. 



Say, "You found the sum, 97. Can you mak^ your rttathematlcal sentence 
true?" Guide s pupil to write the following sentence: 
62 + 35 = 97 

Say, "You adde^ numbers to find out something about Mr. Ball^s and 
Mr. Green's c^ii^-s' VVhat qu^tion did the problem ask about the cows?" 
(How many cowp do the men have altogether?) "Can you answer the ques- 

tion asked by the problem?" (They havTe''^^ cows altogether.) Write the 

/ 

following Incomplete sentence on the board. Let a pupil complete It, 
They have 97_ cows altogether. 

Note: If any of the pupils need more help In addition, let them 
show the exercise with bundles of sticks In a place value box. 
Write the following sentence on the board: 
46 + 12 = p 

Use the vertical form for the process of addition. Let the pupils write 
the exercise as shown on the left below. Guide the pupils to th^nk as 
described or the right. 

46 6 ones + 2 ones = 8 ones. Write 8 as shown. 

+ 12 4 tens + 1 ten = 5 tens. Write 5 tens (50) as shown, 

8 

+50 

58 8 ones + 5 tens = 58. Write 58 as shown. 

Now help the pupils to see that the form used above may be shortened 

in the following way. (Emphasize that the numbers of ones are added first 

then the numbers of tens.) 

46 Add the number of ones: 6+2=8. Write 6 in the 

+12 ones' pace. 

58 Add the number of tens: 4+1=5. Write 5 in the 

tens' place 

46+12 = 58 1,^, 




Get the pupils to talk about the two forms they have Just used to 
show the addition of 46 and 12. Help them to decide that the last 
form saves time. Tell them to use It If they understand It. 

■ GROUP i I ; Ask, "What Is missing In this sentence, an addend or 
the sum?" (sum) "How can you find the sum?" (By adding 62 and 35.) 

Use the vertical form of the process of addition. Review the sho-t 
technique for addition by guiding the pupils to think as described on 
the right. Write only what Is shown on the left below. (Emphasize add- 
ing the number of ones first, then the number of tens.) 

62 Add the number of ones: 2+5=7 
+ 35 Write 7 In the ones': place. 

97 Add the number of tens: 6+3=9 
Write the 9 In the tens' place. 

GROUPS I AND II : Ask the pupils to open their books to page 55. 

Help them work one exercise on the board. Then let them work the rest 

of the exercises In their books. Give help as needed. As you help, get 

/the pupils to tell you what they think as they add. 

^, - Pages 56 - 57 are supplementary pages. They may be used as needed 
by the pupils now or later. Some will not need to work any of the exer- 
cises; some will need to work part of the exercises; and some will need 
to work' all of the exercises. 



Pup 1 1 pages 58 - 60 



Activity 2 ; Addition of three numbers 
Objective : . 

Children can add three numbers, each less than 100., without 
us ing-^ expanded form. 
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Teaching Procedure ; 

Tell the pupils this problem: 

John gave roe 23 nuts, Jose gave me 34 nuts and Mary gave me 32 nuts. 

How many nuts did they all glve;?ne? 

I 

Ask questions like the following to help the puptis understand the 
problem: 

What does the problem tell us? (John gave me 23 nuts, Jose gave me. 
34 nuts and Mary gave me 32 nuts.) What question does the problem ask? 
(How many nuts did they all give me?) How do we find the number of nuts 
they gave me? (We adc the numbers.) How do we show this \n a mathematical 
sentence? 

Guide the pupils to suggest the mathematical sentence below, Wrtte 
the sentence on the board. 

23 + 34 + 32 = c 

Say, "This problem is about three sets of nuts. We could Join these three 
sets In many ways and the result would always be the same. We would 
always have the same number of nuts. How can we add the three numbers?" 
Guide the pupils to suggest, "We add two numbers at a time. We can add 23 
and 34 first. Then to their sum we add 32." As they say this, write 
(23 + 34) + 32 = c. Guide them to say, "We could add 34 and 32 first and 
then add this sum to 23." As they say this, write 23 + (34 + 32) = c. 
Ask, "Are you sure that each of these ways of grouping the numbers gives 
the same sum?" (Yes) Say, "We can group numbers in either of these ways 
because of the associative property." If any of the pupils are unsure, let 
them. try both ways. (If needed, let the pupils form sets and Join them to 
show the problem.) 
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Point to this sentence on the board. (Erase the other sentence.) 
Say, "We wl.l use this sentence." 
(23 + 34) + 32 = c 

Guide the pupils to add the first two addends as shown below to the left. 
The sum Is 57. Then help them to add this sum and the third addend as 
shown below on the right. 

23 57 
+34 +32 

57 89 

^sk, "What is the sum of the three numbers?" (89) Write this sentence: 
c is 89. 

Ask, "Could we put these steps together into one step? Let us try?" 
Write the addenas^as shown: 

23 N 

34 

32 

Note: The pupils may group the addends together in either an up- 
ward or downward direction. The sum is the same. Choose one way (down- 
ward is used is this book) and get the pupils to follow it. Later they 
will learn to group first In one direction (up or down) and then to 
group In the other direction to check their work. 
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Guide the pupils to first add the number of ones and then add the 
number of tens. They will write the exercise as shown on the left 
below. Their thinking will be somewhat as described on the right. 

23 3 ones + 4 ones = 7 ones; 7 ones + 2 ones ~ 9 ones 

34 Write 9 In ones' place, as shown. 

+ 32 

89 2 tens + 3 tens = 5 tens; 5 tens + 3 tens = 8 tens. 

Write 8 In tens' place, as shown. 
Point to the sentence and ask, "Have we found the number that makes our 
addition sentence true?" (Yes, the number Is 89.) Write 
23 + 34 + 32 = c 
c Is 89. 

Say, "Our problem was about nuts. What question did it ask?" CHow 
many nuts did they all give me?) If the pupils are unable to tell the 
question, tell them the s1ory again and let them tell the question. Then 
ask for an answer to the question. (They all together gave me 89 nuts.) 
Write the following incomplete sentence on the board. Ask a pupil to com' 
plete the sentence. 

They gave me 89 nuts. 

Ask the pupils to open their books to page 58. With the help of the 
pupils, work several of the exercises on the board. Guide the pupils as 
they work the other exercises in their books. Make sure they understand 
the process of addition. 

You and the pupils may use pages 59 and 60 as needed. You may wtsh 
to use them later as review. 
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Activity 3 ; Review of the techniques of addition 

using expanded form 
Objective: 

Children can use the expanded form to add two numbers, each 
less than 100, with regrouping for the sum. 
Teaching Procedure ; 

Write this problem on the board: 

Tom's father bought bricks for a new house. He bought 316 bricks In 
the first week, 248 bricks In the second week, and 122 bricks In the 
third week. How many bricks did he buy In the three weeks? 

Ask, "What question Is asked In the problem? CHow many brtcks did 
Tom's father buy In the three weeks?) What do you know about the problem?" 
(We know the number of bricks Tom's father bought In each of the three 
weeks.) Help the children to make a mathematical sentence for the problem. 
Let a child write this sentence on the board: 
b 316 + 248 + 122 

GROUP I : Guide the children to write the numerals in vertical form 
to find the sum of the numbers. Get them to write the expanded form of the 
numerals and then to add. the ones, the tens, and then the hundreds. The 
work on the board will look like this: 

316 300 +10+6 

248 200+40+8 

\ 

+ 122 100+20+2 \ 

600 + 70 + 16 
600 + 70 + 10+6 
600 + 80 + 6 . 
686 
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Point to the mathematical sentence and ask, "What is _b? (b_ Is 686) Can 
you answer the question in the problem?" (Tom's father bought 686 bricks 
in the three weeks.) ^ 

Ask the pupils to open their books to pupil pages 6i-62 and do the 
exercises. Encourage students to do problems I and 2 without renaming. It 
needed, help the children work one or two exercises on the board. Let 
the pupils, who can, add the numbers without writing the numerals in ex- 
panded form. 

GROUP I I : Write the addends In vertical form, as shown on the left 
below. Guide the p>t.pils to think and write as described on the right. 
Suggestions are given to you in parentheses: 



Point to the mathematical sentence, b = 316 + 248 + 122 and ask, "Do 
you know the number that makes the mathematical sentence true?" (Yes, 
the number 686 makes the sentence true.) "Can you answer the questton 
in the problem?" (Tom's father bought 686 bricks in the three weeks.) 

Ask the pupils to open their books to pupil pages 61 - 62 and do 
the exercises. If needed, help the children work one or two exercises 
on the board. 



+ 122 
686 



316 
248 



6 ones + 8 ones = 14 ones. 14 ones + 2 ones = 
16 ones. (Say, "Think of 16 ones in Its expanded 
form as I ten + 6 ones. Remember the I ten. 
You will add It with the other tens.") WrTte 6 
in the ones' place. I ten + I ten = 2 tens; 
2 tens + 4 tens = 6 tens; 6 tens + 2 tens = 8 +ens. 
Write 8 in the tens' place. Add the number of 
hundreds, 3+2=5; 5+1 =6. Write 6 in the 
hundreds' place. 
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Activity 4 ; Renaming In addition (Group I only) 
ObiectWe : 

Children can add two or three numbers, each less than 1,000, 
with regrouping for the sum, using the short form. 
Teaching Procedure : 

Write this sentence on the board: 
35 + 27 = p 

Write the addends In vertical form, as shown on the left below. Guide 
the pupils to think and write as described on the right. Suggestions 
are given to you In parentheses. 

35 5 ones + 7 ones = 12 ones. (Say, "Think of 12 ones In its 

+27 expanded form as I ten + 2 ones. 

62 Remember the I ten. You will add It with the other tens.") 

Write 2 in the ones' place. I ten + 3 tens = 4 tens; 
4 tens + 2 tens = 6 tens. Write 6 in the tens' place. 
Let the pupils tell how they add 35 and 27. They will say something like 
this: "We add 5 ones and 7 ones. The sum Is 12. We think of 12 ones as 

1 ten and 2 ones. We remember I ten and add it to the other tens. We write 

2 in the ones' place. We add I ten, 3 tens, and 2 tens. The sum Is 6 tens. 
We write 6 in the tens' place. The sum of 35 and 27 Is 62." Potnt to the 
mathematical sentence 35 + 27 = p and ask, "Have we found the number that 
makes this sentence true?" (Yes, 62 is the number.) Write 

35 + 27 = p 
p is 62. 

Tell the pupils this ..ord problem: 

There are 513 boys and 429 girls In Merrydale School. How many 
pupils attend Merrydale School? 
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It Is very Important that the pupils learn to express the relation- 
ships of the numbers In a problem as a mathematical sentence. The follow- 
ing questions will help the pupils to think of a mathematical sentence. 
Answers the pupils may give are suggested. 

What does the problem tell us? (There are 513 boys and 429 girls In 
Merrydale School.) Wha*** question does the problem ask? CHow many pupils 
attend Merrydale School?) How can you find the number of pupt1-^ at 
Merrydale School? (By adding the number of boys and the number of'gjrls. 
Add 513 and 429.) What mathwiatlcal sentence shows this? 

By questions of this type, guide the pupils to suggest the sentence 
below. Write the sentence on the board. 
513 + 429 = p 

Ask, "How do you find p?" (By adding the numbers) Write the addends In 
vertical form, as shown below at the left. Guide the pupils to think 
about the addition in the way shown at the right below. The writing on 
the board will be like that at the left below. 

513 First add the number of ones. 3 + 9 = 12. Rename 12 ones 

+ 429 as I ten and 2 ones. Remember I ten and wrtte 2 In the 

. 942 ones' place. Add the number of tens. I + I = 2; 2 + 2 = 4. 

Write 4 in the tens' place. Add the number of hundreds. 
5 + 4 = 9. 

Write 9 in the hundreds' place. 
Point to the mathematical sentence 513 + 429 = p and ask, "Do you know 
the number that makes this sentence true?" (Yes, p is 942.) Write 

513 + 429 = p 

p is 942, 




"We made this sentence for a problem about Merrydale School. What ques- 
tion did the problem ask?" (How many pupils attend Merrydale School?) 
Ask, "Can you answer the question asked by the problem?" (942 pupils 
attend Merrydale School.) Write the following Incomplete sentence on 
the board. Ask a pupil to complete It. 

942 pupils attend Merrydale School. 
Get the pupils to open their books to page 63. Help them to work 
one or more of the exercises on the board. Then guide them as they 
work the rest of the exercises In their books. 
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Activity 5 ; Review of techniques of addition 
(Group I only) 
^ Objective : 

Children can add two or three numbers, each less than 1000, 
with regrouping for the sum using the short form. 
Teaching Procedure : 

Write the following sentence on the board: f 
771 + 649 = a 

The pupils will suggest adding the numbers and writing the addends In 
vertical form. , Guide the pupils to think and write in this way: 

771 First add the number of ones. 1+9=10. Rename 10 ones 

+649 as I ten. Remember I ten and write 0 in +he ones' place. 

1420 Add the number of tens. I +7=8; 8+4 =12. Rename 12 

tens as I hundred and 2 tens. Remember I hundred and write 
2 in the tens' place. Add the number of hundreds. I +7=8; 
8 + 6 = 14. Wrlt'e 14 hundreds as I thousand and 4 hundreds, 
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Point to the mathematical sentence 771 + 649 = a and ask, "Do you know 
the number that makes the mathematical sentence true?" (Yes, the num- 
ber 1420 makes the sentence true.) Write 

771 + 649 = a 

a is 1420 . 

Tell the pupils to open their books to page 64, Help them to work 
one or more exercises. -Ask the pupils to work ttie rest of the exercises 
In their books. Go around the class giving help as needed. Ask the 
pupils to tell you what they think as they add. 



PuptI pages 65, 66 



Activity 6 : Extending addition of three numbers 
Objective ; 

Children can add two or more numbers, each less than 10,000, 
with regrouping for the sum using the short form. 
Teaching Procedure : 

Tell the pupils the following word problem: 

From January to April Mr. Miller, a salesman, traveled i952 mtles. 
From May to August he traveled 2763 miles, and from August to December 
he traveled 3124 miles. How far did Mr. Miller travel In the year? 

Ask the pupils to think of a mathematical sentence for the problem. 
Ask questions to help them think and write this sentence: 

1952 + 2763 + 3124 = n 
Ask, ''How can you find n?" (By adding the numbers) Let a pupil write the 
addends as shown on the left. Help the pupils to add numbers. Guide 
them to think about addition as shown on the right. 
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1952, Add the number of ones. 2+3=5; 5+4=9. Write 9 In the 
2763 ones' place. Add the number of tens. 5+6= II; II +2= 13. 
+ 3124 Rename 13 tens as I hundred and 3 tens. Remember I hundred and 

7839 ' write 3 in the tens' place. Add the number of hundreds, 

I + 9 = 10; 10 + 7 = 17; 17 + I = 18. Rename 18 hundreds as 
I thousand and 8 hundreds. Remember I thousand and write 8 In 
the hundreds' place. Add the number of thousands. 1+1=2; 
2+2=4; 4+3=7. Write 7 In the thousands' place. 
Point to the mathematical sentence 1952 + 2763 + 3124 = n and ask, "Do 
you know the number that makes the sentence true?" (Yes, the number is 

7839.) Write 

1952 ,+ 2763 + 3124 = n 
n is 7839. 

Say, "This sentence came from a problem about Mr. Miller and how 

far he travelqd.l What did the problem ask?" (How far did Mr. Miller 

i / \ 
travel in the |ye^r?) "Can you answer the question?" (Mr. MMIer >^ 

1 

traveled 7839 miles in the year.) Write the following incomplete sen- 
tence on the board. Ask a pupil to complete, It. 

t 

Mr. Miller traveled 7839 mi les in the year. 

I 

Tell the pupils to open their books to page 65. On the board work 
one or more exercises with the class. Tell the pupils to work the other 
exercises in tjheir books. Go around the classroom. Guide the pupils as 
they write mat|hematlca I sentences. Listen to them tell what they think 
as they add. [This will help you help them develop good habits of work. 

Pupil pag|e 66 may be used by those pupils who need more exercises. 
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Activity 7 ; RevIeW of the techniques of addition 

using the short form 
Object I ve t 

Children can add two or more numbers, each less than 10,000, 
with regrouping for the sum using the short form. 
Teaching Procedure ; 

i 

Write the following on the, board: 

There are four schools In a town. !n the first scEiool the tota' 
number :o| pupils is 684, the second has 360 pupils, the third has 844 
pupils, pnd the fourth has 285 pupils. How many pupMs are there al- 
together^ in the four schools? 

Ask, "What question does the problem ask?" CHow many puptls are In 
all four schools?) Guide the children to see that ttiey can find the 
answer by adding the numbers of pupils enrolled In the sphools. Let a 
child write this mathematical sentence on the board: ' 
684 + 360 + 844 + 285 = m 
Say, ""^t ^.Is' easier to add these numbers If you write the numerals 
in vertical fc-m." Write the numerals In the form to the left below and 
guide the work as jhown to the right: 

684 I. Think of 684 as 6 hundreds, 8 tens and 4 ones; thtnk of 
360 360 as 3 hundreds and 6 tens; and so on. 

844 2. Add the ones. 4+0+4+5= 13. Rename 13 as I ten 
+ 285_ and 3. Write 3 in the ones' place of the sum. Remember 

2173 I ten. 

3. Add the tens. <l +8+6+4+8) tens - 27 tens. Rename 
■ 27 tens as 2 hundreds and 7 tens. Write 7 In the tens^ 
place of the sum. Remember 2 hundreds. 
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4. Add the hundreds. (2+6+3+8+2) hundreds « 21 hun- 
dreds. Rename 21 hundreds as 2 thousands and I hundred. 
Write 2 In the thousands' place and I In the hundreds' place 
of the sum. 

5. I^?=sum Is 2173. 

Point to the mathematical sentence and ask, "What Is m? (m Is 2173) Can 
you answer the question In the problem? (There are 2173 pupils In the 
four schools.) 

Let the pupils do the exercises on pupil pages 67 - 71. 
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Activity 8 : Adding three or four numbers 
Objective ; 

Children can add three or four numbers tn the thousands using 
the short form. 
Teaching Procedure ; 

In this activity, the children add three or four numbers, some with 
sums that exceed 10,000. Encourage the use of the vertical form In writ- 
ing the exercises. Review often the Ideas of place value In decimal 
names and renaming. Addition In this activity Includes renaming In two 
places. (Note that because of the use of renaming, the word "carrying" 
Is not necessary, t^the words used In this program help to develop mean- 
ing: the word "carrying", we feel, does not.) 

Write this story p rob/I em on the board: 

Jamestown Is divide/ Into three sections. In the first section, 
there are 1134 people;. In the second, there are 1376 people; and In the 
third, there arr. 2244 people. How many people are there in Jamestown? 
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Let the pupils talk about the problem and tell what It asks. Say, 
"How can you find the number of people in Jamestown?'' (Add the numbers 
of people in the three sections.) Let the children make a sentence about 
the number of people in the town and Ie1 a child write: 

1134 + 1376 + 2244 = n 
Guide the children to find n by writing the exercise in the form to the 
left below and thinking as to the right: 

1134 \. Think of 1134 as I thousand, I hundred, 3 tens and 4; 

1376 of 1376 as I thousand, 3 hundreds, 7 tens and 6; and 

+ 2244 so on. 

4754 2. Add the ones. 4 + 6 + 4 = 1*1. Rename 14 as I ten and 

4. Write 4 in the ones' place of the rum. Remember 
I ten . 

3. Add the tens. (I +3+7+4) tens = 15 tens. Rename 
15 tens as i hundred and 5 tens. Write 5 in the tens' 
place of the sum. Remember I hundred. 

4. Add the hundreds. (1+1+3+2) hundreds = 7 hund- 
reds. Write 7 in the hundreds' place of the sum. 

5. Add the thousands. (1+1+2) thousands = 4 thou- 
sands. Write 4 in the thousands' place of the sum. 

6. The sum Is 4754. 

Guide the class to see that to add they always start by adding the 
number of ones, then the tens, then the hundreds, and so on. Renaming 
is done whenever necessary. Go over the process again, adding up if the 
children added down. Ask them to do the renaming and to give the sums. 



Guide them to see that this change In the order of adding is a check. 
When the addition has been checked, ask, "What is n? (n is 4754.) Can 
you answer the question in the problem?" (Yes. There are 4754 people 
In Jamestown.) Do another example with the children in a similar way. 
You or the children may make up a problem which gives a sentence like 
this: 

4823 + 3406 + I 143 + 2952 = n 
Let the pupils turn to pupil page 72. Say, "In exercises I through 
6, some of the numbers are shown in code. A letter of the alphabet is 
the code name for a number. If the same letter is used nore than once 
In the same problem, it represents the same number. Look at Exercise 2. 
The letter N Is used twice, but both N's represent the same number. If 
you study the exerc^ises carefully, you will be able to tell what number 
each code letter stands for." 

Let the pupils do the exercises on pupil pages 72 and 73. Encourage 

' — \ ^ 

them to write the Numerals in each exercise in vertical form before 
adding. If they have difficulty, help them do a few more examples. 
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Activity 9 : Adding more than four numbers 
Objective ; 

Children can edd three or more numbers, each less than one 

million, using the short form. 
Teaching Procedur e; 

In this activity only the vertical form is used In addition. Renam- 
ing may be needed in any or all places. If more help is needed use 
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examples with three addends In which renaming Is done In only one place, 
then two places, and so on. Some examples you may use for review are: 
I. 14763 2. 7466 3. 21376 

11004 6120 4174 

+ 41 14 + 3349 ■!■ 7212 

29881 16935 32762 

Write the following story problem on the board; 
A farmer has five farms. At harvest time his children ptcked the 
fruits. In the first farm they picked 5423 fruits; In the sicond farm 
they picked 4916 fruits; In the third farm they picked 7013 fruits, in 
the fourth they picked 11,246; and In the fifth they picked 8129 fruits. 
How many fruits did they pick altogether? 

Ask, "What does the problem ask? (How many fruits dtd the children 
pick altogether?) Let n_ be that number. How do you find n? CAdd the 
number picked In each farm.) Let a child write a sentence to show this: 

5423 + 4916 + 7013 + 11,246 + 8129 = n 
Guide the children to see that to add so many numbers It helps to arrange 
the numerals In vertical form as shown below: 
5423 
4916 
7013 
1 1246 
+ 8129 
36727 

Let a pupil show and explain the work at the^'^^jard. Ask, "What is 
the sum?" (36,727) Encourage the children to check the sum by adding the 
other direction also. 



Let thie children answer the question In the word problem, (n. Is 
36,727. Since n Is the total number of fruits picked by the children, the 
answer to the question Is this: 36,727 fruits were picked by the children.) 

Ask the children to do the exercises on pages 74 and through 77. These 
exercises may be done In several different lessons. 

When a change of activity Is Indicated, allow problems to be solved 
In this manner: 

Ask several children to write problems from the lesson (a different 
one for each child) on the board. Before working, each child chooses a 
"checker" who will check his work by working the same problem at his desk 
and comparing the sums. Repeat the process until all have had a ^turn 
working at the board or checking at their desks. 

In story problems, encourage the children to begin by writing a 
mathematical sentence about the story. Then they add the number with the 
numerals arranged In vertical form. The final step is to answer the ques- 
tion asked in the problem. 

THPir II- iMf pUALITIES ANin Mf<a\C SQUARES 
OBJECTIVES ; 

1. To review the meaning of < and > using addition. 

2. To review the properties of addition and subtraction, 
VOCABULAF >r: magic square 
MATERIALS: pupil pages 7 8, 7 9 




Pupil page 78 



Activity I : Using the symbols < and > 
Ob jective ; 

Children can compare a sum and a number using the^symbols >, <, or 
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Teaching Procedure ; 

Tell the pupils the following word problem: 

A school ordered 2 gross of exercise books (I gross = 144), The 
school received 4 boxes with 60 exercise books i:: each box. Did the 
school receive all the exercise books that were ordered? 

Let the pupils talk about the problem. Guide them to say/^M^riong 
other thi ngs: / 

We need to know how many exercise books were ordered. We need to 
know how many exercise books were received. We need to decide tf as many 
books were received as were ordered. 

Help the pupils to think in a way similar to this: 

The school ordered some books (144 + 144), The school received some 
books (60 + 60 + 60 + 60), We need to find whether the number of books 
ordered is the same as the number of books received. We can write a 
mathematical sentence that Is Incomplete: 

144 +144 60 + 60 + 60 +0 

We must decide which of the following goes tn the sentence to make It 
true: 

Guide them to decide that 288 > 240 so 144 + 144 > 60 + 60 + 60 + 60 and a I 
the exercise books were not received. 

Write this Incomplete mathematical sentence on the board: 
37 + 73 100 

Ask, "What symbol, =, >. or < can you put In this sentence to make It true?" 
Guide the pupils to say, "We must add 37 and 73," Let +hem add the num- 
bers and decide that MO is greater than 100 and write 
1 10 > ICQ, 
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Ask the pupils to open their books to pupil page 78. With pupils' 
help, work one or more of the exercises on the board. Let the pupils 
work the other examples in their books. 
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Activity 2 ; Magic squares 
Objective ; 

Children can add and subtract to find the missing numbers 
In a magic square. 

Teaching Procedure ; 

Magic squares are used in this activity to give the pupils practice 

In adding and subtracting numbers. 

Draw the frame for a 3 by 3 magic square on the board as shown below; 




Sum: 15 



Say, "This Is a magic square. It is not complete. We will finish it in 
this way." Then give the directions below: 

1. Each of the nine numerals 1-9 goes in one of the nine regions 

4 

Of the frame. We will find where thfy go and write them there. 
When a numeral is written in one region, we may not write it 
In any other region. 

2. We will wrlve the numerals in such a way that ihe sum of the 
three numbers represented by the numerals In any one direction 
Is the same. The three numerals will be In rows, in columns, 
or on a diagonal . 
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In this magic square the sum of the three numbers Is 15. The 
sum of the number <> represented by the numerals In each row Is 
15. The sum of the numbers represented by the numerals In each 
column Is 15. The sum of the numbers represented by the numerals 
on each diagonal Is 15. 



15 



15 



1 




t 




\ 

\ 






1 

1 




1 

"-r 

1 






i 





15 
15 

15 

15 
15 



Sum: 15 



Say as you write In the numerals shown belov*, "I will write some of the 
numerals In the magic sauare. You fIrcJ -^he correct numerals for the other 



rec 1 ons. 





3 




9 




1 




7 





Sum: 15 



Sav, "Le* j£ *irst find the numeral to write in the center region. What 
ru''e'"3l coes in the center of the frame? How can we find It? Look at the 
ce-:-er row. What addition sentence can you make? 
9 + n + I = 15 



190 



ERIC 



Get the pupils to look at the center column, and write 
3 + n + 7 = 15 

Ask, "What number will make each of these sentences true?" (5) If 
Iluptis have difficulty In discovering the number 5 In the first sen- 
tence, guide their thinking In this way: 

9+n+l=l5or. ^ 
' 9 + I + n = 15 
Add 9 and I: 

_ 10 ,+ n . = 15. ' 

Write this subtraction sentence: 

n « 15 - 10 
Subtract IQ from 15: 

n Is 5 . ' 

The pupils shouldthlnk In a slmli^r'way about the second sentence: 

3 + n + 7 f 15 
3 + 7 +. n = 15 

Add 3 and 7: » 

10 + n = 15 
■Write this subtraction sentence: 

n = 15 - 10 
Subtract 10 from 15: 

n Is 5 

After the pupils understand that the numeral 5 goes in the center 
region, they will need to experiment with the other rows and ccl.nns. 
Let them try numerals in regions and decide whether the n.nerals are in 
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correct region. If they follow the rules of the game, they will soon 
find where to write the other numeral s. The answers are shown below but 
let the pupils discover the answers for themselves. 



4 


3 


8 


9 


5 


1 


2 


7 


6 



Ask pupils in turn to write on the board true addition sentences that tKe 
magic square shows. 

The following sentejnces are true. (The sentences may be wrttten In 
other forms. ) 

Col umns 



Rows 



(4 + 3) + 8 = 15 
(9 + 5) t I = 15 
(2 + 7) + 6 = 15 



DIagonaj s 
(4 + 5) + 6 - 15 
(2 + 5) + 8 « 15 



(4 + 9) + 2 = 15 
(3 + 5) + 7 = 15 
' (8 t I ) + 6 15 
Encourage the pupils to use parentheses to show which two numbers 
they add first (associative property). 

If the pupils enjoy this activity, give them other magic squares 
to solve. In the one that appears on the next page, the rules are the 
same as those stated for the magic square above except for these; the 
sum is 45; and any numbers the pupils know may be used i n -the magic 
square. 
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18 




6 


• 


15 




24 




12 



Say to the pupils, "Which region will you fill first?" A oupll rr.ay suggest 
finding the missing number in the top row. If so, he should write the 
sentence and proceed as shown belowr 

18' +-a + -6- "--45 

18 + 6 + a ^ 45 

Add 18 and 6. 

24 + a = 45 
Write this as a subtraction sentence: 

a = 45 - 24 
Subtract 24 from 45. 

* 

a is 21 • 

The answers are shown below. Let the pupils discover the answer for 
themselves. 



18 


21 


6 


3 


IS 


27 


24 


9 


12 
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When the sucils urserstanc ^o-h'^^z'z souares are made, let them 
open tneir books tc I :2ge 7? s'i "i'l the regions with the 
correcT '-^'nerals. 

TOPIC !H; SJSTqACTION 

OBJECT I .E5 ; 

!. Tc review the -^ea-^: o* s-ctractlcn. 

Z, Tc review the tech^taues c* subtraction using expanded form. 
3, Tc review renarninc ir 5-D*ract ion. 
' VOCABULARY ; none 
VATERIALS: cupil pages 30 - 87 
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Act I V i ty I ; Review of subtraction 
Object ive ; 

Children can use the short forr of subtraction without regroup- 
ing for sums less than 1,000, 
Teaching Procedure : 

Tell the pupils the following word problem: 

289 pupils' atrend Dawson School. 136 of them are girls. ^ How many 

boys attend Dawson School? ^ 

Let the pupils talk abcut the problem. Guide them to exprjess the 

relationship of the numbers In the problem as a mathematical sentence. 

The following Questions should help them: 

What is the problem about? (There are 289 pupils In Dawson School, and 

136 of these pupils are girls.) What does the problem ask? (How many boys 

attend Dawson School?) 
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Guide the pupils to suggest either of the sentences below. When one 
Is given, help ^hem write the other and to say, "The sentences mean the 

same thing." 

136 + c « 289 
289 - 136 = c 

Let the pupils talk about the sentences they made and say, "c .s a 
missing addend." Get them to tell how they can find the missing addend. 
Wrltb the known addend and the sum as shown below and say, "Let's find 
the missing addend this way." 
136 

+ 

289 

Ask, "6 ones plus how many ones equals 9 ones?" C3 onesl Write 3 In 
ones' place. Ask, "3 tens plus how many tens equals 8 tens?" C5 tens) 
Write 5 in tens' place. Ask, "one hundred plus how many hundreds equals 
2 hundreds?" (I hundred) Write I In hundreds' place. The board will 
look I Ike this: 

136 ^ 
+ ill 
289 

Say "You are subtracti ng. We will write the numerals In subtraction 
form and subtract." Guide the pupils to ^'..d 1 ne missing addend again as 
they us© subtraction language. (Write only what Is shown cn the left 
on the fol lowing page.) 
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289 First s-'btract the number of ones. 9-6 = 3. Write 3 in the 
- 136 ones' p lace. 

153 Subtract the number of tens. 8-3=5. Write 5 In the tens* 
place. Subtract the number of hundreds. 2-1=1. Write I 
in the hundreds' place. 
Let the pupils say that 153 will make their sentences true. Wrtte: 
136 + 153 = 289 and 
289 - 136 = 153 

Guide the pupils to see that If one of the sentences is true, the 
other sentence is true. Let the pupils add 136 and 153 to make sure the 
sentence is true. 

Say, "We are solving a word problem." Ask, "What question did the 
problem ask?" (How many boys attend Dawson School?) Ask, "Can you answer 
the question?" (153 boys attend Dawson School.) On the board, write the 
following Incomplete sentence. Choose a pupil to help you complete It as 
shown. 

1 53 boys attend Dawson School. 

Note: If the pupils need more help In understanding subtraction, let 
them show the exercises with bundles of sticks in a place value box. 

Note: In some problems that require subtraction, the answer may be 
called the di f ference . For example, in this problem the difference between 
289 pupils and 136 puplhs is 153. 

Ask the pupils to open their books to page 80. With the pupils' help 
work one or more exercises on the board. Then let the pupils work the 
other exercises in their books. Go around the classrcom, giving help as 
needed . 
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Activity 2 ; Further study of subtraction 
Objective ; 

Children can use the short form of subtraction with regrouping 
required for sums less than 1,000. 
Teaching Procedure ; 

Tell the pupils the following word problem: 

|wir. Williams had 83 bags of flour. He sold 67 bags. How many bags 
were not sold? 

Ask questions to help the pupils express the relationship of the 
n'umbers In the problem'as a mathematical sentence. The pupils may suggest 
either of the following sentences: 

67 + y = 83 or 

83 - 67 = y 

Guide the pupils to say, "y is the .nissing addend. We subtract numbers 
to find the missing addend. We subtract the known addend, 67, from the sum, 
83." Write the subtraction exercise as shown below: 
83 
-61 

w 

Tell the pupils 1ihat the subtraction process depends upon renaming the sum 
and the known addend. Ask them to give different names for the i.uinoer 83. 
They may mention ^ 

8 tens and 3 ones <80 + 3) 

7 tens and 13 ones (70 + 13) 
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On the board, write the forms shown below: 
Subtract Subtract 
8 tens and 3 ones 7 tens and 13 ones 

6 tens and 7 ones 6 tens and 7 ones 

Ask, "Which of the above forms makes It easier for you to subtract 67 
from 83? Which name shall we use for 83?" (7 tens and 13 ones) "Why 
Is it easier to subtract when 83 is renamed as 7 tens and 13 ones?" (We 
need more than 3 ones to subtract 7 ones) 

Guide the pupils to think and write In the following way: 
83 First subtract the number of ones. There are not enough ones to 

67 subtract 7 ones from 83 when we think of 83 as 8 tens and 3 ones. 

16 Rename 83 as 7 tens and 13 ones. 13 - 7 = 6. Write 6 In the ones 

place. Subtract the number of tens. 7 - 6 = I. Write I In 1he 
tens' place. 

Point to the sentence 83 - 67 = y. Ask, "Do you know the number that makes 
this sentence true?" (Yes, 16) Write the following: 

16 + 67 = 83 and 

83 - 67 = 16 

Ask the pupils to add 16 and 67 to make sure the addition sentence Is true. 

Get the pupils to think again of the word problem. Ask, "What 
question did the problem ask?" (How many bags of flour were not sold?) 
Say, "Answer the question asked by the problem." (16 bags of flour were 
not sold.) Write the following incomplete sentence. Get a pupil to com- 
plete it. 

16 hags were not sold. 
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Ask this question: "What !s the difference between 526 dollars and 
351 dollars?" Get the pupils to write a mathematical sentence for the 
question. They may suggest one of the following sentences: 

n + 351 = 526 or 351 + n = 526 or 

526 -'351 = n 

Let the pupils talk about how they can mak^the sentence true. Guide 
them to decide to subtract 351 from 526. Write the numerals as shown 
below: 

526 
- 351 

Say, "We first subtract the number of ones, then the number of tens and 
then the nu.T>ber of hundreds. The subtraction process depends upon renam- 
ing the sum." Guide the pupils to study the exercise and to choose the 
most convenient name for the sum. Ask, "Do you need more ones in the name 
of the sum?" (No. There are enough ones. 6 ones - I one = 5 ones.) "Do 
you need more tens In the name of the sum?" (Yes. To subtract 5 tens 
from 526 we need at least 5 tens In the name of 526.) "How can you rename 
526 to name more tens?" (4 hundreds, 12 tens and 6 ones) 
Write these forms on the board: 

Subtract Subtract 
5 hundreds 2 tens 6 ones 5 hundreds I ten 16 ones 

3 hunrireds 5 tens I one 3 hundreds 5 tens I one 



Subtract 
4 hundreds 12 tens 6 ones 
3 hundreds 5 tens I one 
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Let the pupils examine each of the subtraction exercises and decide that 
each shows 526 - 351. Get the pupils to try to subtract, using the forms 
as given. Ask, "Which of these forms makes It easier to subtract?" CThe 
last one) "Which name for 526 Is the best one for you to use to subtract?" 
(4 hundreds, J2 tens and 6 ones) 

Help the pupils to think and write as shown below; 
526 First subtract the number of ones. 6-1 - 5. 

" 111 Write 5 in ones' place. 

175 Subtract tens. There are not enough tens to subtract 5 

tens from 526 when we think of 526 as 5 hundreds, 2 tens 
and 6 ones. Rename 526 as 4 hundreds, 12 tens, 6 ones. 
12-5=7. Write 7 in tens' place. 

Subtract hundreds. 4 - 3 = I. Write I In hundreds* place. 
Guide the pupils to say, "175 Is the missing addend." Point to the sentence 
351 + n = 526 and ask, "Have you found the number that wll I make the sentence 
true?" (Yes, 175) Write the following: 

526 - 351 = 175 and 351 + 175 = 526 
Let the pupils add 351 and 175 to make sure the addition sentence Is true. 

Ask the pupils to open their books to pupil page 81. You and the 
pupils work one or more of the exercises on the board. Get the pupils to 
work the c»ther exercises in their books. Give help as needed. Get the 
pupils to tell you how they name the sum to subtract. Help them to choose 
the best name. 
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Activity 3 ; Review of the techniques of subtraction 
Objective ; 

Children can subtract, regrouping when required for sums less 
than 10,000. 
Teaching Procedure ; (Group I) 
Write this on the board: 
325 

- j48 

Ask the children to work together to subtract the numbers. Say, "Think 
cf the numbers In expanded form and then subtract the number of ones and 
then tens and then hundreds." Get the children to write the expanded .. 
form of the two numerals: 

325 300+20+5 " ' 

- ]48_ 100 + 40 + 8 

Ask, "Aro there enough ones In the ones' place of 325 to subtract 8? (No) 
What can you do?" (Rename the sum) 

325 300 + 20 +, 5 300 + 1 0 + 1 5 

- U8 100 + 40 + 8 100 + 40 + 8 

Let a child subtract the ones (15-8-7) and write 7 tn the ones' 
place. Ask, "Are there enough tens in the tens' place of the sum to sub- 
tract 40? (No) What can you do?" Rename the sum. 

325 300 + 10 +15 200 +110+15 

- K8^ 100 + 40 + g 100 + 40 + 8 

"Can you subtract the tens?" (Yes. (II - 4) tens = 7 tens,) Let the child 
who answers write 70 In the missing addend. Ask, "Can you subtract the 
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hundreds?" (Yes. (2-1) hundreds = I hundred.) Write 100 In the missing 
addend. Say, "The missing addend Is 100 +70+7. What is Its simplest 
name?" (177) Tell the children that there is a shorter form for writing 
their work. Let the pupils go over the example again. As they do so, gutde 
them to write the form to the left and to explain the work to the right as 
shown In the following example. Point to the proper numerals as the chil- 
dren talk. 

325 I. Think of 325 as 3 hundreds, 2 tens and 5. Thtnk of 

- 149 148 as I hundred, 4 tens, and 8. 

177 2. There are not enough ones In the ones* place of the 

sum to subtract 8. Rename 325 as 3 hundreds, I ten 
.. and 15. Subtract the ones. 15-8 = 7. Write 7 
In the ones' place. 

3. There are not enough tens in the tens' place of the 
sum to subtract 4 tens. Rename 3 hundreds and I 
ten as 2 hundreds and II tens. Subtract the tens, 
(II - 4) tens = 7 tens. Write 7 In the tens' place. 

4. Subtract the hundreds. (2-1) hundreds = I hundred. 
Write I in the hundreds' place. 

I 

5. The missing addend is 177. 

For the next example, write ths following story problem on the board;* 
In two days, trains carried 9724 tons of copper to the coast. If 

2428 tons were carried on the second day, how many tons were carried on the 

first day? 

*Group II begins here. Group I should also use this material. 



Ask, "What question does the problem ask? (How many tens were 
carried on the first day?) What do you know? (9724 tons were carried 
altogether and 2428 of these tons were carried the second day.) How do 
you find .how many tons were carried the first day?" Help the children 
to see that they subtract to find the answer. Guide the children to 
write a mathematical sentence for the problem. They may write either of 
the following sentences: 

9724 - 2428 = d 

d + 2428 = 9724 

Before talking about the method of subtraction, let the children 
make guesses as to about what number d makes the sentence true. They may 
think: the sum Is about 9000; one adder.d Is about 2000; the missing addend 
Is about 7000. 

Say, "You guessed that d Is about 7000. Now subtract the numbers and 
find what d Is." Write the numerals for the numbers on the board. Let 
the children go through the steps of renaming and then subtracting. You 
point to the numerals and write the digits In the answer as they talk. 
9724 
- 2428 
7296 

Let the children say that d Is 7296, and that 7296 tons of copper 
were carried the first day. Ask, "Did you make a good guess? (Yes. We 
guessed 7000.) Can you check the answer?" (Yes. We can add 7296 and 
2428. The sum should be 9724. There were 9724 tons of copper carried in 
two days.) Let them check their answers. 
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Let the children do the exercises on pupil pages 82 - 84. It Is 
not necessary to do all three pages during one lesson. Spend only as 
much time on these pages as the children need. 
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Activity 4 ; Using subtraction 
Objective ; 

Children can subtract, regrouping sums represented by 3 or 
4 digit numerals containing one or more zeros. 
Teaching Procedure : 

Tell the pupils the following word problem; 

Mr. Warren had 636 cans In his shop on Monday morning. When he 
Closed his shop on Saturday, he had 379 cans left. He had sold the 
rest. How many cans had he sold? 

Guide the pupils to suggest one of the following mathematical 
sentences: 

s + 379 = 636 or 379 + s = 636 or 

636 - 379 « s 

Write the exercise in vertical form. Guide the puptis to think about the 
exercise as shown at the right below. 

636 Subtract the number of ones* There are not enough ones to 

- 379 subtract 9 ones when we think of 636 as 6 hundreds, 3 tens 

257 and 6 ones. Rename 636 as 6 hundreds, 2 tens and 16 ones. 

16 ~ 9 s= 7. Write 7 In the ones' place. 
Subtract the number of tens. There are not enough tens to 
subtract 7 tens when we think of 636 as 6 hundreds, 2 tens 
and 16 ones. Rename 636 as 5 hundreds, 12 tens and 16 ones« 
J? - 7 = 5. Write 5 In the tens' place. 



Subtract the number of hundreds. 5-3=2. Write 2 tn 

the hundreds' place. 
Point to the mathematical sentence 379 + s « 636. Get the pupils to say, 
"257 Is the missing addend. 257 makes the sentence true." Write the 
fol lowing: 

379 + 257 = 636 and. 

636.;.- 379. =...257 -- 

Let the pupils check thel-r work by adding 379 and 257. 

Tall the pupils the word problem again about the cans Mr. Warren sold. 
Ask, "What question did the problem ask?" (How many cans had Mr. Warren 
sold?) Say, "Answer the question asked by the problem." CHe had sold 257 
cans.) Write the following Incomplete sentence on the board and get the 
pupil to complete It: 

He had sold 257. cans. 
Write the following on the board. 
900 - 532 - n 

Write the exercise In vertical form and guide the pupils to think and 
. write as shown. 

900 First subtract the number of ones. There are not enough ones 

- 532 to subtract 2 ones from 900 when we think of 900as 9 hundreds. 

368 Rename 900 as 90 tens and then as 89 tens and 10 ones, 

10 - 2 = 8. Write 8 In ones* place, 
89 tens Is 8 hundreds and 9 tens. 

Subtract the number of tens. 9-3=6, Write 6 In tens' 
place. 

Subtract the number of hundreds. 8-5=3. Write 3 In 
hundreds place. 

205 
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Polntto the sentence 900 - 532 = n and let the pupils say, "368 makes 
the sentence true." 

Go over the subtraction of this exercise several times with the 
pupils. Help them to understand the renaming of 900 as 90 tens and 0 
ones and then as 89 tens and 10 ones and then as 8 hundreds and 9 tens and 
10 ones. Write the following on the board: 
1 009 - 78 1 = n 

Write the exercise In vertical form and guide the pup Us to think as 
shown below on the right: 

1009 . First subtract the number of ones. 9 - I « 8. ,Wrtte 8 tn 
- 781 ones' place. . 

228 Subtract the tens. There ar6 not enough tens to subtract & 
tens from 1009. when we think of 1009 as I thousand and 9. 
Rename 1009 as 9 hundred, 10 tens and 9. 10 - 8 =« 2. Write 
2 In tens' place. Subtract the hundreds. 9 - 7 « 2. Wrtte 
2 In hundreds' place. 
Point to the sentence 1009 - 781 = n and ask whether the\ pupils can now 
make the sentence true. Got them to write: 
1009 - 781 - 228 




Ith ttie pupils* 
get the pupils 



Ask the pupils to open their books to pupil page 85. 
help, work one or more of the exercises on the board. The* 
to work the other exercises In their books. Give hejp as tjeeded.' Go around 
the class and get the pupils to tell you what they think a^ they subtract. 



3lu 



Pupi I page 86 



Activity 5; Reviewing renaming In subtraction 
Object I vet 

Children can subtract, regrouping when required for sums less 
than 10,000. 
Teaching Procedure ; 

In this activity review quickly the Idea of renaming in subtraction • 
and give practice In subtracting large numbers. 

Before asking the pupils to work the exercises In their books, go over 
a few examples to Illustrate the use of expanded form and renaming. 

Write the following example on the board. Do It only in short form 
but discuss each step with'the children. Let them tell what the steps In 
renaming are but write the numerals yourself to keep the activity moving as 
rapidly as possible. Let the thinking of the children be similar to that 
described to the right below: 



521 I 
- 2489 
2722 



1. Think of 521 I as 5 thousands, 2 hundreds, I ten and I. 
Think of 2489 as 2 thousands, 4 hundreds, 8 tens and 9. 

2. There are not ^Buah ones in the ones' place of the sum 
to subtract 9. Rename 5211 as 5 thousands, 2 hundreds, 
0 tens, and II. Subtract the ones. II -9=2. Write 



2 In the ones' place 
3. There are not enough 



In the tens' place of the 
sum to subtract 8 tens\ Rename 5 thousands, 2 hund- 
reds, 0 tens as 5 thousands, I hundred and 10 tens. 
Subtract the tens. (10 = 2 tens. Write 2 In the 



tens' place. 
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4. • There are not enough hundreds In the hundreds' place 

of the sum to subtract 4 hundreds. Rename 5 thousands 
/ and I hundred as 4 thousands and 1 1 hundreds. Subtpact 

the hundreds. (II - 4) hundreds =7 hundreds. Write 
7 In the hundreds' place. 

5. Subtract the thousands. (4 - 2) thousands » 2' thousands. 
Write 2 in the thousands' place. 

6. The missing addend Is 2722. 

Do several other subtraction examples and. go over the staps fis before. 
Some you may use are these: 

9514 6013 
- 1855 - 3489 

After the subtraction In the second example, say, "f^emember that 
subtraction Is finding the missing addend. You can check your answer by . 
thinking of the addition sentence for the example," Get the children to 
write the sentence 3489 + n = 6013 for the second example. Go on, "By 
subtracting you found that the missing addend Is 2524. If n Is 2524, Is 
the addition sentence true?" Let the children add C3489 + 2524) to show that 
the sum Is 6013. Say, "We call 1hls 'checking our answer.*'' 
Write on the board 

5000 - 1,999 s n 

Say, "How can we find what n Is?" Guide pupils to think of a quick 
way of solving for n other than the usual process of subtraction. The 
following questions may direct their thinking: 
1999 Is close to what number? C200Q) 

Would It be easier to subtract 2000 from 5000 or to subtract 1999 
from 5000? (2000 from 5000) 

I 
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2000 Is how many more than 1999? (One) Now, how close do you 
think 3,000 Is to the difference between 5000 and 1999? (One) Is the 
difference between 5000 and 1999 more than 3000 or less than 3000? 
(More than 3000) Why do you think it Is more than 3000? (We added one 
to 1999 to make it 2000 for easy subtraction, so we can add one to the 
difference) What Is the difference? (3001) 

Say, "Let's write a mathematical sentence for what we did." Write 

5000 - 1999 = (5000 - 2000) +1 
Ask a child to work both parts of the equation so that students can 
see that each' expresses the same number, 3001. 

Work several problems In this way. You may use such problems as 

5000 - 2001 5000 - 1995 

Note: If necessary, use 500 - 199 or 50 - 19 and use counters or 
dots, it may prove helpful to demonstrate the use of this skill in 
problems Involving money, a very practical application, such as: 
$5.00 - $1.99 = m or $50.00 - $19.99 = n 
Ask the children to work the exercises on pupil page 86. Ask them 
to work the exercises at the bottom of the page using the "short cut". 
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Activity 6 : Extending subtraction to numbers 

greater than 10,000 
' Objective : 

Children can subtract, regrouping when required, for sums 
less than 100,000. 
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Teaching Procedure ; 

The Ideas and methods used In this activity are .'he same as In the 
last activity. Here the Ideas are extended to numbers greater than 10,000 
so that renaming and subtracting In the ten thousands' place are Included. 
Begin with an example like this: 
32,921 
- 18.565 

Ask the children to subtract. When they have completed the exercise, 
work It on the board and discuss each step. 

After the example Is completed, guide the children to see that 
they can check the subtraction by adding: 
18,365 
+ 14,556 
32,921 

Oo a few other examples as needed and then let the children do the 
exercises on pupil page 87. Encourage them to use addition to check thetr 
answers. If some have difficulty, go over several exercises step by 
step with them. 

TOPIC IV: REVIEWING ADDITION AND $UBTfR/\CT | ON OF LARGE NUMBERS 
OBJECTIVES ; 

1. To review addition and subtraction using Inequalities. ^ 

2. To review techniques using story problems. 
VOCABULARY ; dozen 

MATERIALS ; pupil pages 88 - 93 

2^0 
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Acttvltv I ; Using < and > 

Ob ject We ; ^ 

Children can compare a difference and a number using the 

symbols <, >, or «. 
Teaching Procedure; 

Note: If the pupils aTe^t fami I laq with the word dozen, teach 
the meaning of the word before beginning this activity. 

Tell the pupils the followlng^rd problem: 

Mr. Purnell had 90 oranges. He sold 3 dozen of them. »Dld he have 
enough, oranges left to sel I 4 dozen more? ^ 
Guide the pupils to think: 

Mr. Purnell had 90 oranges. He sold 3 dozen. Did he have enough 
left to sell 4 dozen more? He sold 3 dozen, or 12 + 12 + 12 - 36. 
He had left (90 - 36) oranges, 90 - 36 « 54. 
He wishes to seM 4 dozen, -which is 12 + 12 + 12 + 12 = 48. 

Is 54 less than, greater than, or equal to 48? (54 > 48) Get the 
pupils to answer the question asked In the problem. CMr, Purnell has 
enough oranges left to sell 4 dozen more oranges.) 

Get the pupils to open their books to page 88. Let them select one 
exercise and with their help work the exe.clse on the board. Get the 
pupils to work the other exercises In their books. Go around the class- 
room. Observe the pupils and listen to them tell how they subtract. 
Give help as needed. 



Activity 2 ; inequalities using addition and 
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subtraction 



Objective ; 



Children can compare sums and/or differences using the 



symbols <, > , or =. 



Teaching Procedure ; 

Write the following problem on the board. 

There were 213 people waiting for buses. Five buses arrived. Each 
bus seats 43 people. No one Is allowed to stand. Can everyone be 
seated? If so, are there any seats not used? 

Let the pupils talk about the problem. Guide the children to say, 
"We find which of two numbers Is larger. One number 213 tells how many 
people there are. The other number, 43 + 43 +, 43 + 43 + 43, tel Is how 
many seats there are." In sentence form, this will be: 



Get the pupils to decide which symbol, < , > , or =, makes the sentence 
true. Ask one of the pupils to add five 43's. The sum Is 215. (If 
a pupil notices that 43 + 43 + 43 + 43 + 43 = 5 x 43, let him do the 
multiplication.) Guide the children to decide: the correct symbol ts <; 
there are enough seats for everyone; two seats are not used. 

Below are other examples of this kind of exercise. You or the pupil may 
make up story problems to go with the sentences. In each exerctse get the 
pupils to decide which symbol, < , >, or makes the sentence true: 



213 



43 + 43 + 43 + 43 + 43 



342 + 574 



1000 - 81 



876 + 754 



726 + 871 



948 + 385 



(474 + 117) - 28 



8 + (728 - 432) 



654 - 349 



212 




Let the pupils open their books to pupil page 89 and do the exer- 
cises. 



Activity 3 ; Story problems with large numbers | Pupil pages 90 - 92 

Ob lectlve : 

Children can solve story problems Involving addition and 
sublractlon of numbers less than one million. 

Teaching Procedure ; 

Ask the children to turn to puplI page 90. Let a child read the 
first problem aloud. Go over the procedure for solving the problem. 
The procedure for problem 1 Is: 

a. Compare the three numbers telling the height of the three 
mountains. Which Is the largest number?, C14,I62) Therefore, 
Mount Shasta Is the highest. 

b. Compare the other two numbers. Which Is larger, 14JI0 or 
8,751? (14,110) Therefore, Pike's Peak Is higher than 
Guadalupe Peak. 

c. Answer the questions: How can we find how much higher Pike's 
Peak Is than Guadalupe Peak? CWe subtract the height of 
Guadalupe Peak from the height of Pike's Peak.) 

d. Show the mathematical ^sentences for these. 

e. Answer the questions after doing the subtractions. 

Read through the other problems with the class and let the children 
do the work. Tell them to write the mathematical sentences for the 
questions asked, solve the sentences and write the answers to the ques- 
tions. 
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Notice that In the second problem they are asked to show a mathe- 
matical sentence comparing a greater number wfth a lesser number, using 
population figures. They may show this as: 
938,219 > 679,684 

If there Is difficulty with reading the problem let the pupils help 
each other read the problems one at a time, giving the children sufficient 
time to do each before reading the next. Follow the same procedure for the 
problems on pupil pages 91 and 92. 



PuptI page 93 



Activity 4 ; Addition and subtraction of large 

numbers 
Objective ; 

Children can add and subtract numbers less than one million. 
Teaching Procedure : 

Ask the pupils to turn to page 93 and do the exerctses. Remtnd 
the children to read the exercises carefully because there are both addl" 
tion and subtraction exercises. Say, "Remember that It usually helps In 
solving word problems to write a mathematical sentence. Then you can 
solve the sentence to find the answer to the question asked." 

TOPIC V: ENRICHMENT 
OBJECTIVE : 

To provide challenge problems in addition and subtraction. 
VOCABULARY : none 
MATERIALS: pupil pages 94-97 
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Pup M page 94 



Activity 1; Using properties 
Objective: 

Children can use the corrwnutatWe and identity properties 
of addition to complete an addition chart. 

Teaching Procedure ; 

In Unit 6, operation machines were used to get the pupils to dis- 
cover the properties of addition. This method may be used agatn to start 
the discussion. 

Get the pupils to recall the meaning of the commutative property of 
addition: We may add two numbers In either order and we always get the 
same sum. (In symbols, a + b « b + a, where a and b are any whole num- 
bers.) Get the pupils to recall also that the sum of any number and zero 
Is that number. (In symbols, a + 0 « a, for any whole number a..) 

Put an addition chart like this on the board. CUse any ftve numbers.) 





5 


19 


32 


6 


U 


s 












19 












32 












6 












11 













First ask the pupils for the sums that go In the boxes that are 
filled In the following example. Remind them that the sums are obtained 
by adding the number to the left In a row and the top number in a column, 
For example, 5 + 32 = 37. 
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19 


32 


6 


11 


5 


10 


24 


37 


11 


16 


19 




38 


SI 


2S 


30 


32 








38 


43 










12 


17 


11 
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Note: Answers are not obtained by adding preceding answers. For 
example, in the table on the previous page, iO + 24 37. 

Ask, "Can you fill In the other boxes without doing any other addi- 
tion?" Guide the children to say that because of the commutative property, 
they know all the sums. Let the children fill the other boxes. 

Let the pupils open their books to pupil page 94. Chart I can be com*- 
pleted without any additions. Also use this exercise to review the property 
of zero. Chart 2 requires two additions and one subtraction. 

In Exercise 3, Frank's way uses both 1he commutative property and the 

associative property. The commutative property Is used several times. This 

/ 

exercise may be too difficult for some pupils. It Is a challenge problem 
and Is marked with an 

Exercise 4 Is solved In this way: 
(2 + 23) + (5 + 20) + (8 + 17) + (I I + 14) = m 

4 X 25 m 
m Is 100 

You may give this sentence to some of the children to solve If they 
find Exercises 3 and 4 a challenge. If you wish to give other sentences, 
be sure the numbers are arranged In sequential order, 
n = 5 + 10 + 15 + 20 + 25 + 30 



Activity 2 : Review of operation machine Pupil page 95 

Objective : 

Given an operation machine and a pa(r of numbers, children 
can find the missing operation, the missing sum, or the 
missing addend. 
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Teaching Procedure ; 

Let the pupils open their books to pupil page 95 and discuss the 
operation machines on the page. They will notice that a part of each 
exercise Is missing. Let them flna the missing part. 



Pupil pages 96, 97 



Activity 3 ; Associative property of addition 
Ob lectlve ; 

Children can use the associative property to find short cuts 
for addition. 
Teaching Procedure ; 

Again, operation machines may be used to start the discussion. Get 
the pupils to recall the meaning of the associative property: tf three 
numbers are added, the sum Is the same no matter whTch pair Is added first, 
(In symbols, a + (b + c) (a + b) + c, where a^ b^ and c are whole num- 
bers.) 

You may want the children to review one of the operations Introduced 
In Unit 6 for which this property did not hold. One operation used was: 
"Take half the sum." It was called the "A" operation. For example, 

(2A 6) AlO = 4 A 10 = 7 

2 A (6 A 10) = 2 Ae = 5 
The operation A Is not associative. You may want to use It for contrast 
with addition. (Choose corefully the numbers you use with operation Aso 
the children can find i- of all the sums.) 
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Let the pupils open their books to pupil page 96. Let them read and 
think about Calvin's way of adding. Help them to decide why It works. 
They should tell where the associative property Is used. Let the chil- 
dren use Calvin's method to work these easier examples: 

a. 19 + 12 = 19 + CI + II) b., 57 + 17 = 57 + (3 + 14) 

a (19 + I) + II = (57 + 3) + 14 

= 20 + I I =60+14 
=31 =74 
Get the children to solve Exercises I to 3 on pupil pages 96 and 97. 
Then discuss Calvin's way of subtracting. Below are more examples you 
and the children may work together. The work may look like this: 
c. 49 + n = 145 d. 19 + n = 64 

(45 + 4) + n = 145 ( 14 + 5) + n « 64 

45 + (4 + n) = 145 14 + (5 + n) = 64 

4 + n Is 100 5 + n Is 50 

n Is 96 n Is 45 

Then get the pupils to solve Exercises 4 gind 5. f 
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